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A ~"SOIL PHYSICAL SEPARATIONS
TREATABILITY SAFETY ASSESSMENT FOR 100 AND 300 AREAS

1.0 INTRODUCTION AND SUMMARY

- A-considerableamount of contaminated waste material has accumulated
since the beginning of the Hanford Project in March 1943. This waste has been
disposed of in over-1,400 waste disposal sites across the Hanford Site. The
primary mission of the Hanford Site is to clean up the Site and eliminate
potential risks to the public and workforce. Many applicable regulations
direct and control this cleanup. The Hanford Federal Facility Agreement and
Consent Order (Ecoiogy et al. 1990) is a legal agreement (also referred to as
the Tri-Party agreement) reached among the U.S. Department of Energy, the
Washington State Department of Ecology, and the U.S. Environmental Protection

_. Agency. The pr1marv pyrpose of the Tri-Party agreement is to- plﬁvruc a

framework for cieanup of the Hanford Site. To meet the milestones in the
Tri-Party agreement, different treatment methods are being considered to
cleanup and reduce the volume of contaminated material from these waste sites.

The soil physical separation (soil washing) method was chosen to reduce

the volume of contaminated soil fines that must be disposed of in permanent

waste repositories. The soil washing activities will assess the effectiveness
of soil physical separation equipment and techniques by using water and/or
chemicals to separate contaminated material from the soil.

The purpose of this assessment is to (1) identify potential hazards

_associated with the soil washing activities, and {2) provide operational

safety limits {OSL) and prudent actions to assure safe operation.
Radiological and chemical hazards associated with removal of contaminants and
pertinent risks are also addressed in this document.

The scope of the soil washing activities in this assessment are
nonnuclear and low hazard. This assessment complies with DOE Order 5480.23
(DOE 1992b), DOE Order 5481.1B (DOE 1986), Hazard Categorization and Accident
Analysis Techniques for Compliance with DOE Order 5480.23, Nuclear Safety

__Analysis Reports (DOE 1992a).,. and WHC-CM-4-48, Nonreactor Facility Safety

Analysis Manual. This assessment also comp11es with 29 CFR 1910 for handling
certain toxic heavy-metals. The rigor of review was appropriate for the
nonnuclear low-hazard (radiological) classification.

1.1 ASSESSMENT SUMMARY

The radiological and toxicological dose consequences for this
nonreactor-nonreactor activity are consistent with the criteria for low-hazard
activities (WHC-CM-4-46; Schade 1991). Nuclear criticality is not an issue
due to low enrichment of fissionable material involved.

Two technical inventories have been used as bases for radiological and
toxicological calculations: sample soil analyses from the 300 Area West

_Process Trench taken.in 1986 (Zimmerman and Kossik 1987) and in 1992. The

most bounding rad1o1og1ca1 ca]cu]at1ons are based on 100 Area base data from

- Dorian-and-Richards (1978).—-Resuspension fTactors are oasea on the worst

conditions ever measured for the Hanford Site (3.5 x 10°%/s). Radiological or

1-1
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toxicological concentrations of hazardous material are not expected to result
in harmful exposures to onsite workers (receptor groups are described in
Section 3.1). These concentrations are well below risk acceptance criteria
for the public.

This assessment applies to the soil washing activities to be performed
at the (1) 100 Area liquid waste sites, (2) the 300 Area North Process Pond,
and (3) the 300 Area West Process Trench. Excluded from this assessment are
the 1301-N and 1325-N crib inventories.

Normal job-site worker safety requirements in the Hazardous Waste
Operations Permit (HWOP), Job Safety Analysis (JSA), and Radiation Work Permit
(RWP) provide adequate occupational safety, respiratory, and skin protection
for the facility worker performing the soil washing activities. There is one
prudent action (Section 4.2) that requires appropriate Westinghouse Hanford
Company (WHC) safety approval of the HWOP, JSA, and RWP. Conformance to this
action is verified during the readiness review process.

1.2 SUMMARY OF LIMITS AND PRUDENT ACTIONS

No unacceptable impacts are anticipated from the soil washing
activities. However, two operational safety limits (OSL) have been provided
to (1) minimize environmental impact and (2) reduce exposures to as low as
reasonably achievable (ALARA). The OSLs will assure conformance with the
requirements for a low~-hazard activity. These OSLs apply to the control of
fugitive dust and storage of effluent liquid and soil. Five prudent actions
are also provided to reduce potential hazardous material exposures to ALARA.
The 0SLs and prudent actions are provided in Sections 4.1 and 4.2.

The following are summaries of the OSLs.

1. The soil shall be stabilized to prevent the emission of fugitive dust.
The hazardous material inventory and anticipated air concentrations are
expected to be low. The soil may become dry during nonwork hours and
during transportation. Therefore, the soil shall be maintained damp or
other stabilization methods shall be used to mitigate the emission of
fugitive dust during soil washing activities and during transportation.
If the soil is not stabilized properly, soil washing activities shall
cease until the appropriate mitigative actions are implemented.

2. Contaminated soil and effluent 1iquid shall be stored and disposed of in
a manner that prevents their release to the environment. Although the
hazard material inventory is low, unmonitored storage over an extended
time could allow temperature and atmospheric extremes to cause releases
of hazardous material to the environment. Containment of the
concentrated sludge material during disposal is required. Liquid and
soil waste shall be stored and disposed in a manner that prevents their
release to the environment (excluding evaporation). During containment,

" the waste shall be periodically assessed and if required, prompt action
taken to stabilize and maintain safe storage.

1-2
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The following are summaries of the prudent actions:

the activity site to assure it is
ion and (2) controlled in

Monitor equipment rem
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sposal plan to remove the contaminated

Deve]op and implement
nent waste repository on the Hanford

Q.
:'U

Site.

Use wind screens at the loading hopper (grizzly feeder) to

minimize the potential of dust generated from the loading process.

Minimize purgewater contaminants to the environment. Effluent
processed by the soil washing method must meet purgewater criteria

_{or_as_directed by the State Department of Health) for discharge

back to the soils before forced or solar evaporation.

Conduct soil washing activities in accordance with the HWOP, JSA,
RWP, and WHC-CM-7-7, Environmental Investigations and Site
Characterizations.

1-3
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2.0 HANFORD SITE DESCRIPTION

This section provides a 1ist of references of detailed studies on the
regional background of the Hanford Site.

* Meteorology - Delaney et al. (1991) and PNL 1990
*+ Geology - Delaney et al. (1991)
* Hydrogeology - Liikala et al. (1988).

No one resides on the Hanford Site. Recreationists use the Columbia
River throughout the year and have access to the west and south banks of the
river. The nearest public road is State Highway 24, located 1.4 km (0.88 mi)
from the closest 100 Area.

2.1 100 AREA DESCRIPTION AND HISTORY

The 100 Areas are located in the northern portion of the Hanford Site,
along the southern shoreline of the Columbia River. The 100 Areas are
approximately 26 to 30 mi (41.8 to 48.3 km) north-northwest by northwest of
the city of Richland (DOE 1987). The working population of the 100 Area
complex varies on a daily basis; generally, however, the average is 150 to 200
people per day. The nearest resident to a 100 Area facility is located 8.1 km
{5 mi) east of the 100-F Reactor Building and across the Cotumbija River.

Between 1943 and 1963, nine water-cooled, graphite-moderated plutonium
production reactors were built along the Columbia River upstream from the now

---—-abandoned town of Hanford. These reactors (100-B, 100-C, 100-D, 100-DR,

100-F, 100-H, 100-KE, 100-KW and 100-N)} have been retired from service and are
under evaluation for decommissioning. Construction and operation dates,
facility purpose, and year of shutdown for each reactor building is provided
in Taylor (1991). Figure 2-1 provides the Tocation of each of the nine
reactor buildings along the Columbia River. Facilities were constructed to

-~ gispose -of 1iquid wastes generated from fuei faiiures, decontamination

facilities, and 1liquid and sludge from the irradiated fuel storage basins.
These facilities {cribs and trenches) are described and characterized,
including radiological inventories, in Dorian and Richards (1978).

2.7 300 AREA DESCRIPTION AND HISTORY

The 300 Area is located in the southeast portion of the Hanford Site,
approximately 1.6 km (I mi) north of the city of Richland in Benton County
(Figure 2-2). The working population of the 300 Area varies on a daily basis;

_ however, the estimated average is 200 to 300 people per day. Based on soil
washing activity site locations, the 300 Area provides the closest offsite
receptor group for risk analysis. The west bank of the Columbia River is
located about 275 m (900 ft) and 330 m (1,080 ft) from the activity sites at
the 300 Area North Process Pond and West Process Trench, respectively.

" Hazardous material concentrations at the Columbia River bank and offsite are

__expected to be insignificant and not pose a health hazard.

2-1
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The 300 Areas were 1nVO1ved in the processing of uranium into fuel
--assemblies for-use-in the 100 Area-reactors. The process involved heating and
extruding the uranium into specific sizes and encapsulating the uranium fuel
within an outer shell of metal alloy. The fuel production 1iquid by-products
were discharged into the ponds and trenches within the 300-FF-1 Operable Unit
(Figure 2-3).

Liquids and particulates in solutions disposed of in the 300 Area
process ponds and trenches over the years included the following:

» A1l metallic and chemical components of the fuel fabrication
process

-—-—---=. A1l separations-process chemicats-and-sotutions (particularly
uranyl nitrate hexahydrate) used in the following processes:
-Bismuth phosphate tests conducted in the 3706 Building and 321
Building .
-Reduction oxidation
-Metal recovery
-Plutonium-uranium reduction extraction
-RECUPLEX.

Chemicals used in bioassay and environmental sample analyses also contributed
a much smaller portion of the 300 Area process wastes (Gerber 1992).

2.8 PURPOSE
The purpose of the soil washing activities is to evaluate methods and

equipment used to reduce the volume of contaminated soil sent to waste
repositories on the Hanford Site. These activities will demonstrate the

—applticabilityand effectiveness of commercially avaitabie soil physical

separat1ons equ1pment that use water as the washing medium. Additives may
process. The information and experience gained may be .applied to other waste
sites in support of the proposed macroremediation program.

2.9 SCOPE

The scope . is.Timited to_soil.washing activities and equipment using
water and additives for the extraction of hazardous substances and onsite

-~ storage of the contaminated material: - The 300 Area contaminated material will
~ be -s0il from the North Process Pond and-the West Process Trench. —The location

of the activities will be in and adjacent to the southwest corner of the North
Process Pond and east of the West Process Trench. The 100 Area contaminated
material will be soil from the cribs and trenches analyzed in Dorian and
Richards (1978).

2-3
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Fiqure 2-2. Hanford Site.
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Figure 2-3. Layout of the 300-FF-1 Operable Unit.
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- oo oo-The clean gravel, TOCK, -and sand will be returned to the excavation site
. .._ after treatment. The hazardous material particulates will be collected and

stored in an onsite waste repository for an undetermined time period. Storage
of hazardous material will comply with_requirements specified by requlatory
agencies until a disposal pian is developed and implemented.

2.10 PROCESS DESCRIPTION

Soil physical separation treatment processes have been used for many
years in the mineral processing industry for removing materials by washing and
concentrating a desired particle size or mineral. The soil washing activities
in this assessment have the potential to reduce the volume of contaminated
material by 80% to 90%. Separation equipment consists of a wet hopper
(grizzly feeder) that will separate rocks and other large debris and remove
contaminants by washing. A sketch of a typical placer system is shown in

- Figure 2-4. A detailed description of the treatment process and equipment is
provided in Field and Henckel (1991).

Soil and rock material will be stabilized to prevent the emission of
fugitive dust. The material will be removed from the North Process Pond and
‘West Process Trench (located about 4.6 m [15 ft] belowgrade) using front-end
loaders or similar equipment. The material will then be transported to the
nearby separation equipment site, loaded on a conveyer belt system, and washed
with water and chemical extractants to partition radioactive and hazardous
chemical constituents. The chemical extractants will be nonhazardous and
environmentally acceptable. The gravel and coarse sand will be separated from
fine sand, silt, and heavy metals using classification equipment to segregate
fine particles. Following dewatering, the clean gravel, rock, and sand will
be returned to the excavation site. Dewatered material is estimated to retain
a moisture content of approximately 20%; this retained moisture content will
eliminate any dust generation during transport back to the storage site in the
-~ North Process Pond or West Process Trench.  Most of the dust source will be in
the final product of the process.

Most hazardous material is expected to be particles or attached to
particles smalier than 106 um. Particles are expected to be removed in the
water-wash stream and settle out in the containment units. There are three
primary options for disposing of contaminated particles:

1. Place contaminated material in containment units (i.e., drums or
boxes) and immediately transport to a waste repository in the 200
Areas, or store at the activity site temporarily and then ship to
a waste repository.
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2. Return contaminated material to the source locations in the 300
Area North Process Pond or West Process Trench. Permanently
stabilize material or cover with the clean soil material.

3. Store the contaminated material for an undetermined length of time

_in_the_ containment units to allow sampling and analysis. Develop
and implement a permanent disposal plan for the contaminated
solids and effluent water following sampling and analysis.

Particulates will be removed from the effluent water and stored in a
containment unit or returned to the source location. Effluent water processed
in soil washing activities will be recycled and stored in containment units
for sampling and analysis. The water will be evaporated or disposed of in
accordance with applicable WHC and DOE requirements. If the evaporation
method is used, effluent water must meet purgewater criteria (or as directed
by the State Department of Health) for discharge back to soils before forced
or solar evaporation. Appendix E provides the purgewater collection criteria
from Table 8.3 in WHC-CM-7-5, Environmental Compliance.

An OSL (Section 4.0) is provided to assure the integrity of the
containment unit and confinement of the stored contaminated solids and 1iquid.
Environmental Engineering management has taken action to identify disposal
requirements before process startup reviews.

Appendix D provides a description of the closed-loop water treatment
system. Additional filtration may be added at a later date to remove
contaminants to below regulatory concern (i.e., ion exchange). However, if
filtration is added to the system, further safety analysis is required.

The 300 Area soil physical treatment equipment will be located in or
adjacent to the southwest corner of the North Process Pond and adjacent to the
east side of the West Process Trench. The 100 Area soil treatment equipment
will be located adjacent to the crib or trench. The equipment locations are
near the contaminated soil inventories that will be used in the soil washing
activities. Short travel distance between the source material location and
the soil separation equipment will minimize the potential for fugitive dust
generation.

The OSLs in Section 4.1 require (1) soil material be stabilized to
reduce fugitive dust emissions from the soil washing activities; and (2)
appropriate action be taken to minimize the potential for environmental
release of contaminated soil and effluent liquid during onsite storage.

The initial soil washing activity location at the 300 Area North Process
Pond is about 275 m (900 ft) west of the Columbia River. The distance from
.the West Process. Trench is about 330 m (1,080 ft) to the river. The initial
sofi washing activity Tocation for the 100 Area is approximately 61 m (200 ft)
southwest of the 105-F Reactor Building at the 116-F-4 Pluto Crib.

The soil washing activities are expected to be performed during the
second and third quarter of 1994. The actual work time that equipment will be
-operating at- the North Process-Pond will-not exceed-15 work days. Two
demonstration runs are planned at the North Process Pond; each run will
process 150 to 380 tons of soil. The processing rates for the runs will not
exceed 10 and 20 tons/h, respectively. The equipment operating period is
expected to extend over several weeks at the 300 Area West Process Trench. If

2-8
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the siting requirements for the 300 Area activities change, a re-evaluation of
potential encroachment issues shall be performed. . The 100 Area sites
(independently) are not expected to process the volume described for the 300
Area act1v1t1es, however, if the process proves viable, the total volume of

_ the 100 Areas wiil exceed the voiumes estimated for the 300 Area activities.

2.11 HAZARDS INVENTORY

Two technical inventories were used as bases for radiological and
toxicological calcuiations: ~sampie soil analyses data for the 300 Area West
Process Trenches taken in 1986 (Zimmerman and Kossik 1987) and in 1992. The
most bound1ng rad1o1og1ca1 calculations are based on 100 Area base data

“extracted from Dorian and Richards (1978).

The basis for the toxic material and inhaled dose inventory in this
assessment is soil removed during the expedited response action for the 300
Area process trenches in 1991. The inventory for the 300 Area West Process
Trench is provided in Zimmerman and Kossik (1987). The contaminant inventory
in the so0il was derived by taking the highest average concentration value of
samples from any 33 m (100 ft) segment of the process trench. The metal
contaminant inventory (Table 2-1) is considered to be conservative for
assessment purpases. During removal from the West Process Trench, the clean

~and contam1nated 501l material will mix from the action of the earth-removal

equipment that will lower the concentration of the contaminant source
materials. Clean soil cover will dilute the concentration further.

The hazardous material concentrations and inventory for the 300 Area
process trenches are greater than concentrations in the 300 Area North Process
Pond. Therefore, the 300 Area West Process Trench inventory is the basis for

- calcuiations performed for the Norih Process Pond analysis. 1his conservative

hazardous material inventory is the basis for the facility hazard
classification.

_.The radiplogical inventory is based on a hypothetical basis for the

”116 C 2-2 Pluto Crib Sand Filter. The inventory of the sand filter is assumed

to be spread over the volume of the 116-C-2-2 Crib and considered to be the
bounding source term for this assessment. The exception to inventory

_ consideration in.the 100 Areas is the 116-N-1 site (1325-N and 1301-N crib and

trench). This conservative bounding inventory for the two locations (100 Area
and 300 Area) in this assessment was chosen because it represents the largest

- potential hazardous material dnventory based on the results of

characterization sampling in the North Process Pond and West Process Trench
(Dennison et at. 1989; Dorian and Richards 1978).

-The treatment-process will separate the hazardous materials inventory
from the contaminated soil material. The hazardous inventory is expected to
be (or be attached to) fine particles less than 106 gm in diameter. Typical

~conbertrab1ou) for the separated-soil fines samples are provided in Tables

2-2, 2-3, and Z2-4; these samples were enriched in fines by screening before
analysis (Zimmerman and Kossik 1987).
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Table 2-1. Estimated Total Amount of Metal Contaminants
in the 300 Area Process Trench Sediment.

Constituent Cadmium | Chromium | Copper Lead Mercury Nickel Silver Uranium
Shallow 3 341 2,261 108 12.8 578 54 720
sediments .
(kg) - : -

Source: Zimmerman and Kossik (1987).

Table 2-2. Potentially Contaminated Soil Column
for 116-C-2-2 Pluto Crib Sand Filter.

Radionuclide Average Pci/g Curies
238y, 1.9 E+01 1.2 E-01
239/240p,, 1.9 E+01 1.2 E-01
an. - -
Ysr 3.6 E+02 2.2
3y 7.3 E+01 4.5 E-01
152¢,, 1.3 E+03 7.9
80co 3.7 E+04 230
134, : - - 1.0 E+02 6.1 E-01
134cg 6.5 E+01 3.9 £-01
137cs 1.7 E+03 10
135g, 1.1 E+03 6.7
Total curies = 260
Source: Dorian and Richards (1978).
Table 2-3. Toxic Concentrations Caused by Wind Dispersion.
Substance soil concentration’®’ Soil Maximum ground {evel Exposure
(ug/g) background concentration in air3at Limits
(ug/g) 100 m (330 ft) (mg/m”)
TWA IDLH
: 3
{(in mg/m")
Silver ' 362 ] <1 ' 1.6 E-04 0.01 n/e
chromium*® (B 604 6-10 2.7 E-04 0.05 30
Copper 95,300 8-22 4.2 E-02 1.0 n/e
- nicket (P 1,750 5-9 7.7 E-04 0.1 n/e
N -Uranium o 9 270 0.6-8 4.1 E-02 0.2 20

?é? = none established.
b Credible calculated values.
( )Carcinogen.
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Table 2-4. Hazard Threshold Values.

Hazard category Facility Cnsite Offsite
worker
General use - - --
Radluloglcal <Exempt -- -
guantity
Chemical none listed <0.1 IDLH <0.01 IDLH
Low hazard -- it - -
Radiological >Exempt >0.1 rem >0.01 rem
quantity <5.0 rem <0.5 rem
_ <25 rem
Chemical - none listed >0.1 IDLH >0.01 IDLH

Source: Schade (1990).

The only significant radiological element found 1n the sed1ment ana]ys1s

o for the 300 Area was uranium. Trace concentrations of °°Co, ™'Cs, and ®

(- were found in the West Process Trench weir box sediments. Several

) X X X .

=3 _ ___nonradiological hazardous materials were.also detected, along wit

ke significant concentrations of chromium, copper, n1cke1, and uranium (Zimmerman
e and Kossik 1987).

......

The 100 Area liquid disposal sites have received a significant amount of
aqueous waste from reactor operatlons 1n the past isotopes of interest
include ”“tu, 4Eu, PRy, ®Co, PCs, “OSr, and ®Ni. Based on historical data
for the 100 Areas, nonradioactive wastes introduced into the soils include
sodium dichromate, sodium oxalate, sodium sulfamate, sulfuric acid, bauxite,
lubricating o0il, gasoline, and oil contaminated with polychlorinated biphenyls
(Taylor 1991). Because the contaminants have been in the soil for several
years, the assumption is that soluble materials have leached from the soil
material to be processed The remaining contaminants are solids or are firmly

There are several additional organic and inorganic nonradioactive
materials above background levels. These materials are in trace amounts or
very 1ow concentrations that are very smalt fractions of the time weighted

SR average {TWA), the immediately dangerous to life and health? (IDLH), or the
lower explosive Timit values. These materials are not expected to result in
detectable airborne concentrations, and because of their small amount, are not
inciuded in the inventory in this assessment.

The time weighted average concentration for a normal 8-hour workday and
“a 40-hour workweek to which nearly ail workers may be repeatedly exposed, day
after day, without adverse effect (ACGIH 1990).

The maximum concentration of a substance in air from which an
unprotected worker could escape within 30 minutes without experiencing
escape-impairing or irreversible health effects (NIOSH 1990). The IDLH is
considered a maximum concentration above which only a highly reliable

_breathing apparatus providing maximum worker protection is permitted.
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The following are the potential hazards to facility workers at the soil
washing activity site:

Radiation exposure

Inhalation of contaminated particulates
Noise

Moving equipment

Electrical shock

Electrical generator fire

Radiological issues.

This assessment focuses on the potential consequences relating to
releases of contaminated particulates.

2.12 RELEASE SCENARIOS
INVOLVING NATURAL PHENOMENA

Natural phenomena events such as tornadces, floods, seismic events, and
lightning do not significantly increase the risk associated with soil washing
activities. Expected frequencies for these events at the Hanford Site are
provided in Lehrschall (1992).

High wind speeds up to 169 km/h (112 mi/h) are a credible occurrence at
the Hanford Site (>1.0 x 10° /yr) (Kennedy et al. 1990). Along with
resuspension of dust, missiles generated by high winds could penetrate the
“interim storage'drums and cause surface spilis or airborne releases. However,
soil washing activities are not allowed during wind speeds greater than
24 km/h (15 mi/h). The consequences associated with high winds/missiles would
be bounded by the maximum release event.

oo .Normal wind speeds of 4.8 km/h (3.0 mi/h) would not a represent
significant risk to the soil washing activities. An analysis (Lehrschall

1992) for the BX-102 site involving three cable-drilling drive barrels exposed
to a 24 km/h (15 mi/h) wind for 1 hour and 8 hours found the consequences to
be insignificant to the uninvolved onsite worker and the public. Conservative
release fractions and radionuclide concentrations were used. Activities would
be expected to encounter much lower concentrations of radionuclides in the nCi
to pCi per gram range compared to the uCi/g concentrations at the BX-102 site.

Contaminated particulates suspended in the air by wind erosion is a
function of the physical forces acting upon the particle. Dust particles
typically are less than 1 um to 50 um in size; particles larger than 10 um are
- not respirablte.~ Particies above 50 um are subject to saitation and are not
suspended for extended periods of time. Movement of particulates depends on
the size of the particle, speed of the airstream, gravitational forces, and
air v1scos1ty (GPO 1968). Movement of particulates also depends on soil
properties, such as adhesiveness and cohesiveness. Moisture acts as an
adhesive and holds particies together. With sufficient moisture, no wind
erosion will occur.

Surface roughness and the presence of vegetation or irregularities
(e.g., rocks) also suppress wind erosion. Air turbulence is also important as
it is more effective in resuspending dust than steady velocity air.
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Below the threshold velocity of approx1mate]y 20 km/h (13 mi/h), no wind
- erosion-release occurs.--This analysis conservatively usés the highest
resuspension rates measured at the Hanford Site (3.5 x 10° /s [Sehmel 1980])
as the basis for source term estimation. Higher resuspension rates are
poss1b]e at the high wind velocities that exist during dust storms, but the
-— ———--= =ditution éffect also increases with wind vejocity as X/Q gets smaller with

increasing wind speed. Thus, the effect of very high wind speeds on downwind
contaminant concentrations is complicated. Ambient air dust loadings as high
as 2,724 ug/m> have been reported for dust storms in the Tri-City area, The

- Q> Lyid%w

worst-case value used for these soil washing activities is 10,000 ug/m’.

Particulates retained in the lungs are expected to be less than 0.5 um
in size; this particle size will account for almost 50 percent of all
particulates retained. Particles larger than 0.5 um will be from 0.5 to

- 50 _um._. Normally, particles larger than 50 um are prevented from reaching the
lungs by nasal hair and flow paths The following are examples of typical

particie sizes (NIOSH 1973):

-
?:;.:‘;;

— e (Clay - 0.1-2.0 um

. e Silt - 2.0 to 20.0 um

= e« Fine sand - 20.0 to 120.0 um
fé% ¢ (oarse sand - 120.0 um to .2 mm
e
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3.0 HAZARD ASSESSMENT

3.1 INTRODUCTION

The soil washing activities will be performed (1) in and near the
southwest corner of the North Process Pond; (2) the north end of the West
Process Trench in the 300 Area; and (3) in the 100 Area liquid disposal sites.
The process will employ soil separation equipment using water and additives to
enhance the cleaning effectiveness. Additives will be nonhazardous and

concern:

- & -~ Workers--invelved -in the soil washing activities (referred to as
facility workers)

» . .Onsite workers. (located at least.100 m.[33Q ft] or beyond from the
soil washing activities)

" Public (Tocated offsite on the west bank of the Columbia River).

- ... Different energy sources that could cause a hazard inventory to become a

source term were analyzed. Mechanical energy of process equipment, equipment
fuel fires, range fires, and wind are considered the most probable initiators

"~ of a source term. For assessment purposes, wind combined with mechanical

action are the initiators used for the generation of a source term, as wind is
common to the soil washing activities while the other initiators considered
were not. Further, a combination of wind, dry soil material, and mechanical
action would result in the receptor groups receiving the largest credible
exposure to hazardous materials.

Other naturally occurring energy sources also were analyzed in this
assessment. ~Because the worst case has been assumed, natural phenomena events
would not adversely affect the conclusions in this assessment. The effacts of

these events on the inventory would be minimal because the dispersion from
n +hn

-.other inventories resulting from these forces would.-be greater than the

inventory of the activity assessed. Lightning would not ‘cause a source term
greater than that assessed if lightning were to strike the rubber-tired

transport vehicle.

NucTlear criticality is considered incredible because of the small amount
and type of uranium in the soil material in the North Process Pond and West
Process Trench (Appendix A). The average uranium enrichment in the trenches
was determined to be less than 1.0 wt% >°U and all sampling indicates a

_ homogeneous distribution of uranium in the soil matrix (Appendix A; Zimmerman

and Kossik 1987). The amount of all forms of uranium in the process pond was
also below the nuclear criticality minimum Tevel (Dennison et al. 1989). The

__.average_plutonium_concentration. per. gram of soil in the 116-C-2-2 Crib is

approximately 3.9 x 10°"" Ci or 39.0 pCi/g, which is below the matrix
distribution Timit specified in WHC-CM-1-6, Radiological Control Manual for
gross alpha. The plutonium concentration also is below the 1.9 x 10° pCi/g as

== -specified- in-WHC-CM-7=5 for unrestricted access. This concentration is

LU i1 1vu n Wi~ ul

approximately 39.0 uCi/907.18 kgsél ton) of seil. The major dose contributor
for the 116-C-2-2 Crib would be ""Co. An estimate on the total curie content

- for.the 116-C-2-2 Crib is in Dorian and Richards (1978). If 230 Ci of *°Co

were decayed from 1978 to 1993 and °“Co has a half 1ife.of 5.271 years, then
3-1
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28 75 Ci is assumed to remain in the crib. This estimate would produce 4.71 x
10° pCi/g of Co®® in the 5011 column. Assuming the total mass for the crib
was approximately 7.28 x 10* tons of soil, an estimate of 395 uCi/907.18 kg

(1 ton) would be appropriate.-

3.2 ASSESSMENT

There are three parts to this assessment:

e Assessment and comparison of the overall worst case inventories to
the corresponding threshold for nuclear category 3 (DOE 1992a).

*» Assessment of the toxicological and radiological risk from
inhalation of contaminated fine material resuspended by wind from
the back of a dump truck.

» Assessment of radiological risk from direct exposure based on a
source term contained in a dump truck full of contaminated soil.

Two inventories were reviewed to evaluate worst case waste sites in the
300- FF 1 Operable Un1t and the aggregate 100 B/C Area. The radiological

Crib (Dorlan and Richards 1978) were decayed to 1993. The comparison of the
worst case inventories and the corresponding threshold for nuclear category 3
(DOE 1992a) is summarized in Table 3-1. It is shown that no isotope exceeds
the category 3 threshold. Accordingly, the soil washing activities are
classified as nonnuclear activities (as defined in DOE 1992a and DOE 1992b).

Table 3-1. Maximum Radionuclide Inventories for the
100 and 300 Areas and the Corresponding
Limits in DOE 1992a (decayed to 1993).

Area Location Isotope Inventory (Ci) Lategory 3 (Ci)

- 300 316-5 Process 60¢, 1.0 2.8 E+02
french 238, 1.4 | 4.2

i 100 L 16c-2-2 . T 1.9 E-01 1.0 E+03

rib 60

Co 3.21 E+01 2.8 E+02

) Pgr 1.5 1.6 E+01

134cc 2.5 E-03 4.2 E+01

B7es 7.1 6.0 E+01

132g,, 3.3 s 2.0 E+02

134ey 3.1 2.0 E+02

155, 8.2 E-01 9.4 E+02
238, 1.1 E-01 3.6

239, 240p, 1.2 E-01 9.0 E+02

*DOE-STD-1027-9¢ standards (DOE 199Za).

3-2



—involved-is a 9 1 ||| (10 _yd

WHC-SD-EN-SAD-005, REV. 2

The consequences from a bounding case accident scenario was determined.
For assessment purposes, the source term is created during (1) transport of
the fine materials from the containment unit to a disposal destination or (2)
during transport to the containment units assuming the fine material migrates
to the top of the load. The contaminants are expected to be fine particulates
or attached to fine particles. The gravel and coarse sand are expected to
contain minimal res1dua1 hqgardous material. Transportat1on equipment

—capacity dump truck. "It is assumed the truck

bed area is 9 m® (97 ft?), the soil material is dry, and the truck is Tocated
at ground level.

Removal of the contaminated fine material from the containment unit wil}
be done while the material is in a stable condition. The contaminated fine
material will either be placed in containment units for shipment to a Hanford
Site waste site repository or returned to the source locations in the 300 Area
North Process Pond or West Process Trench where the material will be
stabilized. The output from the soil washing activities will be less than 10%
to 20% fine sand and the remainder will be gravel and coarse sand. If the
fines were to become dry without stabilization protection, they would
represent a potential source term.

For.this scenario,_-the basis for the toxic matarial inventoryv. useqd is
7

-"1:5011 material removed from the 300 Area West Process Trench. Analysis of that

inventory included screening out coarse material (see section 2.11).

The following assumptions have been made for this scenario. The The
contaminated soil material in the truck is dry and the top of the sides of the
truck bed are 2.4 m (8 ft) from ground level and filled to capacity. The wind
is from the east at 21 km/h (13 mi/h). If the truck is entering the pit, it
will remain at ground level while moving to the east a distance of 402 m (0.25
mile) at 24 km/h (15 mi/h) before descending to the bottom of the trench 4.6 m

{15 ft) belowground level. The trip duration is about 60 seconds.

-~~~ A-source term is generated by wind biowing across the surface of the

dry, contaminated soil in the truck bed. Fugitive dusts containing

radioactive nuclides are then carried downw1nd creating a maximum

concentration at 100 m (330 ft) of 1.92 x 107 mg/m3 of ®°Co by volume at
leve}. A conservative resuspension rate of 3.5 x 10°%/s, the highest

rate postulated for the Hanford Site (Sehmel 1980), was used. The'downwind

concentration was estimated using Emergency Prediction Information3 software

The resulting toxicological concentrations shown in Table 2-3 are well
below regulatory Timits for the receptor groups.

The radiological dose from inhalation of resuspended fine material uses

ﬂ

the same source farm and scenario-described--in-Sectign: 3.2 - The nuclides of
concern for the 100 Area and the 116-C-2-2 Cr1b6are 9OSr and 6°C0

- respectively. - Conservative calculations using ~Co {(shown in Appendix B, Wind

Dispersion Modei) show that the predicted inhaled dose is well below levels

that require worker respiratory protection. Therefore, the risk to the onsite
worker would be less significant.

*Eme gency Prediction Information is a registered trademark of Homann
jates, Inc., Fremont, California.
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The second scenario bounds the radiological risk. Calculations estimate
~ the dose rates from a dump truck containing a full load of contaminated soil.
The hypothetical source term is based on the 116-C-2-2 Crib that is mixed into
the entire volume of the Pluto cr1b {see Section 2.10). The major dose
contributor us1ng this model is °°Co. Dose rates were estimated using
Micro-Shield* software. :

Resulting dose rates are provided in Table 3-2 for various distances
from the truck. The first row in the table shows the resuits if the entire
inventory of the crib is assumed to be mixed within the dump truck bed; this
is a highly conservative assumption. A more reasonable calculated dose is
shown in the second row. In this calculation, the truck holds only that
fraction of the inventory represented by the ratio of the volume of the truck
to the volume of the crib.

Table 3-2. Exposure Rates from Bounding Case Inventory

Distance Contact 3m .6m Sm 1.2 m 1.5 m 1.8 m
at truck (1 ft) (2 ft) (3 ft) (4 ft) (5 ft) (6 ft)
sidewal |

Dose rates Z,an 1,997 1,299 904 661 520 392

{mr/h) 8.97 6.38 4.14 2.88 2.1 1.66 1.25

Soil washing activities will presumably concentrate the contaminants of
concern as soil material is processed. [f estimates are conservatively
increased an order of magnitude, for a container that is the same size as the
carrier, a contact dose rate will increase to approximately 90 mr/h. Smaller
containers will have proportionally lower dose rates. This dose rate is still
within the criteria for a low-hazard activity. The dose rates in Table 3-2
can be compared to the criteria in Table 2-4.

Potential concentrations of hazardous materials are well below
requlatory 1imits as is the potential radiological insult to the receptor
groups. The receptor groups are described in Section 3.1.

The 300 Area provides the closest offsite receptor group for risk
analysis based on soil washing activity locations. Although the 300 Area does
not contain the inventories normally associated with 100 Area liquid disposal
sites, those radionuclide inventories were included as a conservative estimate
for risk analysis. The west bank of the Columbia River is located about 275 m
~ {900 ft) and 330 m (1,080 ft) from the activity locations at the North Process
Pond and the West Process Trench, respectively. Concentrations decrease the
further the receptor group is from the source term. Therefore, concentrations
at the Columbia River bank and offsite are expected to be insignificant and
not pose a health hazard.

*Micro-Shield is a registered trademark of Grove Engineering Inc.,
Rockville, Maryland.
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3.3 SUMMARY AND CONCLUSIONS

The radiclogical and toxicological dose consequences for this

- nenreactor-nonnuclear activity are consistent with the criteria for low-hazard

activities (WHC-CM-4-46; Schade 1991). Two technical inventories were used as
bases for radiological and toxicological calculations: sample soil analyses
data for the 300 Area West Process Trench taken in 1986 (Zimmerman and Kossik
1987) and in 1992. The most bounding radiological calculations are based aon
the 100 Area base data in Dorian and Richards (1978). Resuspension factors
are based on the worst conditions ever measured at the Hanford Site

(3.5 x 10°%/s).

Radiclogical or toxicological concentrations of hazardous material are

- not expected to result in harmful exposures to onsite workers (located a

d1stance of 100 m [330 ft]). Concentrations are expected to be well below
risk acceptance criteria for offsite individuals. Nuclear criticality is not

_.an issue because of the small amount of fissionable material involved.

This assessment applies to soil washing activities performed at (1) the

00 Area l1iquid waste sites, (2) the 300 Area North Process Pond, and (3) the
00 Area West Process Trench. Excluded are the 1301-N and 1325-N Crib
nunantnwmi as

’ }_worker Committed mitigation efforts will ensure ambient air for the fac111ty

worker so respiratory protection is not required. Normal health physics
requirements require air sampling to verify the existence or absence of .
airborne contaminants in the work environment. Radiological and industrial
hyg1ene pract1ces will prov1de protection to the three receptor groups
fined in Section 3.1) during offnormal circumstances.

———
cL
m

There is no credible scenario that could result in a fire. The lack of
combustible material near the soil washing activities precludes any further
analysis. An electrical fire is possible; however, the fire would be

~ enveloped by the postulated dispersion of contaminated soils by wind.
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4.0 OPERATIONAL SAFETY LIMITS AND PRUDENT ACTIONS

An OSL is an auditable Timit for the safe operation of a nonreactor
nuclear facility or activity. The U.S. Department of Energy, RichTand

- Operations Office has reguired that-at least one acceptable limit be provided

to assure the facility or activity is operated safely and within the bounds of
the safety assessment. Two OSLs have been established to assure the validity
of this assessment and to minimize exposure and environmental impact to ALARA.
These 0SLs require (1) that the potential for fugitive dust be minimized and
(2) that contaminated soil and effluent 1liquid be stored onsite and disposed
of in accordance with regulatory requirements.

- Qperational- Safety Limit - 1

This OSL applies to minimizing the potential for radioactive
contaminated fugitive dust generation.

1.0 TITLE: Mitigation of Fugitive Dust.

~-F:1 APPLICABILITY:  ~ This requirement appiies to the mechanized soil

handling and storage activities (excavation, hauling,
and stock piling activities).

1.2 --OBJECTIVE:--- -_ - To reduce the potential for fugitive dust generation
} from soils accumulated during mechanized soil sampling
' " activities.

1.4 REQUIREMENT: Soils accumulated from the mechanized soil washing
activities shall be stabilized (i.e., water, fixants,
and tarps) if wind speeds exceed 18 km/h (12 mi/h} or
if spoils are left unattended (offshift).

1.5 SURVEILLANCE: During activity operations and at the end of the

- - - shift, the responsibie operating organization shall
visually verify that the soil speils are stabilized.
This verification shall be documented in the field log
at the end of the shift by the field team leader or
the site safety officer.

1.6 RECOVERY:
1.6.1 Noncompliance with the requirement:

1. If the operating organization does not comply with the
requirements of this OSL, operations shall immediately
cease. The approval of Safety Assurance will be
required for restart of operations.

2. Failure to stabilize the soil spoils shall require the

responsible operating organization to stabilize the
spoils and provide verification before restart of
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1.7 AUDIT POINT:

1.8 BASIS:

1.
2.
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operations. Concurrence by Independent Safety and
line management is also required before restart.

The 0OSL v101at10n shall be documented as an
occurrence report.

1.6.2 " Noncompiidnce with the surveiilance:

The surveillance shall be performed immediately.

If surveillance determines noncompliance with the
requirements in this OSL, the recovery actions in
Section 1.6.1 of this OSL shall be initiated.

Failure to execute a surveillance requirement shall be
documented as an offnormal occurrence.

The field Tog shall be audited weekly to verify
compliance with these OSL requirements and
surveillance requirements. The results of the audit
shall be documented in the field log.

The basis for this requirement is to assure soil

- spoils subjected to winds speeds greater than 18 km/h

(12 mi/h) (the wind speed required for soil particles
small enough to be resuspended), or if spoils are left
unattended will not result in resuspension of any
radioactive contaminants. This Timit applies to soils
excavated from trenches, pits, solid waste disposal
sites, or other areas.

Operational Safety Limit - 2

This OSL applies to storage of contaminated soils and effluent liquids
from soil washing activities.

2.0 TITLE:

2.1 APPLICABILITY:

2.2 OBJECTIVE:

2.3 REQUIREMENTS:

Onsite Storage of Contaminated Soil and Effluent
Liquid.

This OSL applies to any onsite storage of soil or
1iquid contaminated with hazardous material generated
by the soil washing equipment and activities
(described in Section 2.0 of this assessment).

To minimize the potential for releasing contaminated
fugitive dusts and liquids to the environment.

Contaminated soil and waste liquids must be stored or
disposed of in a manner that assures temperature and
atmospheric extremes will not cause a release of
contaminated material (above regulatory requirements)
to the environment. Onsite storage of contaminated
soil and liquids must comply with applicable
regulations determined by Environmental Assurance and
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2.4 SURVEILLANCE:

2.5 RECOVERY:
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Independent Safety. Containment of concentrated
contaminated sludge material is required during
storage or disposal activities.

The HWOP, JSA, and RWP requires that contaminated soil
and liquid material be maintained to minimize the
potential for release to the environment. The HWOP,
JSA, and RWP also require stored soil and liguid in
containment units be assessed periodically and
appropriate action taken, if necessary.

2.5.1 Noncompliance with the requirements:

If these OSL requirements are not complied with, the
contaminated soil and liquid material shall be
promptly stabilized to the satisfaction of the Site
Safety officer. The OSL violation shall be reviewed
by the site field team leader, safety officer, and

-~ Independent Safety who will-jointly determine

additional recovery actions, if any. The OSL
violation shall be documented as an occurrence report.

2.5.2 Noncompliance with surveillance requirements:

2.6 AUDIT POINT:

2.7 BASIS:

4.2 PRUDENT ACTIONS

- If these surveillance requirements are not complied

with, an assessment shall be performed immediately.
If noncompliance is determined, then recovery actions
in paragraph 2.5.1 of this OSL shall be initiated.
Failure to implement surveillance requirements shall
be documented as an offnormal occurrence.

An audible field logbook shall be maintained at the
site documenting the results of the surveillance.

This log shall be reviewed weekly. by the operating
organization to assure compliance with the OSL
requirements and surveillance requirements. Other
audit points are the HWOP, JSA, RWP, and Environmental
Engineering surveillances.

The release of contaminated soil or liguid to the
environment must be minimized ALARA to reduce the

- potential effect-to-the-public, the facility workers,

and the environment.

The following prudent actions will assure that contamination control is
maintained, potential hazards are removed, and ALARA goals are met.

Function 1 - Remove contaminated equipment from the soil washing activity

site.
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- - - Prudent Action.1 - Even though radicactive contamination is expected to be
minimal, equipment removed from the activity site will be decontaminated and
controlled in accordance with WHC requirements.

Function 2 - Develop a disposal plan for storage of contaminated solid fine
soil and liquid material.

Prudent Action 2 - Develop a disposal plan within three months after receiving
the final analytical report of the treatability test. Implement the plan as
necessary to remove the hazardous material risk.

Function 3 - Mitigate fugitive dust emissions at the loading hopper area.

Prudent Action 3 - If fugitive dust is observed, minimize dust emissions with
wind screens around the loading hopper area.

Function 4 - Minimize purgewater contaminants to the environment.

- Prudent Action 4 -If the evaporation

the soil washing method must meet pu

- -State-Department-of Health) for disc
evaporation.

option is used, effluent processed by
rgewater criteria (or as directed by the
narge back to-soils before forced or solar

=i Function 5§ - Test soil washing activities.

Prudent Action 5 - Conduct soil washing activities in accordance with the
appropriate HWOP, JSA, RWP, and WHC-CM-7-7 requirements.
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CRITICALITY EVALUATION OF THE 316-5 PROCESS TRENCHES
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UHande:wmny Memo
From: Reactor Physics and Special Studies
Phone: 6-4669 HO-38
S Dster- - ganuary 13, 1982
Subject: 300 AREA TRENCH ASSAY INTERPRETATION
To: W. E. Taylor B1-35
cc: D. L. Harrold B1-35
---—-G. C. Henckel , H4-55
H. Toffer HO-38
W. D. Wittekind HO-38
— ADW-File/LB 9202
o ~ References: 1. Memo, H. Toffer to G. L. Smith, “Criticality
g;% Evaluation of 300 Area Trench,” August 1, 1991,
— 2.  DOE/TIC-11026, "Radioactive Decay Data Tables," D. C.
T Kocher, ORNL, 1981.

3. UNI-489, "Nuclear Criticality Safety Analyses and
Technical Bases for Shipping Reject Uranium Metal in
—_— : NLO Boxes," H. Toffer, UNC, January 16, 1976.

The assay results from the 300 Area process trenches indicate uranium
enrichments in U-235 in the range of 2 to 3 wt%. These results are
attributed to the failure to account for the uranium isotope U-236 which
has built up in the uranium fuel during preceding cycles of reactor
exposure combined with reprocessing and reuse. The best estimate of the

enrichment of the uranium in the process trenches is 0.988 wt% from the
Reference 1 memo.

It is estimated that the amount of uranium in the trench soil is about

720 kg {(Reference 1). This is less than half the safe mass of 1,500 kg for
1.25 wt% uranium enrichment in solutions (Reference 1), and cannot be made
critical.

BACKGROUND AND ANALYSIS

The 300 Area trenches were put into use in March of 1975. They received
mostly uranium bearing process solutions from the N Reactor fuel
fabrication facility. Some lTimited amounts of solutions containing

mlaot~ s

-—- - depleted uranium were added by the Pacific Northwest Laboratory.
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The process effluent system was modified in 1987 by adding ion exchangers
and filters to reduce the chemical and particulate discharge to the process
trenches. As a result of the cessation of N Reactor fuels manufacturing,
this system was never used.

The uranium in the weirbox was recovered in 1987. The uranium
concentrations in the trench were too low for feasible recovery.

It is our understanding that the heavy material in the soil will be
partitioned to reduce the volume and the costs of disposing of it.

The trenches were cleaned up in 199] and the material assayed with the
-results included in Attachment 1 to this memo. The indicated activities of
U-235 and U-238 were converted to concentrations as shown in Table 1 using
the specific activities of the two uranium isotopes. For this analysis, it
was assumed that the U-238 was equal to the total uranium. This

approximation will be accurate to within about 1%.

The U-238 concentration at several locations in the trench were calculated
and are recorded in Table 2 for several lTocations with respect to the
discharge to the trench. The design of the weirbox and trench, and the
turbulence of the tiquid stream tended to minimize the deposition of the
uranium particulates in the first 20 meters of the trench. The maximum
deposition occurred at about 20 meters from the point of discharge into the
trench.

DISCUSSION

The expected uranium enrichment in the 300 Area process trench is 0.988 wt%
U-235, Reference 1. As shown in Table 1, the ratios predicted by the alpha
--counts are generally higher than this by & substantial amount. The ratios
calculated from the gamma counting method tend to be in the range of 0.0108
which is also higher than expected.

Reference 1, while the safe mass for uranium enriched to 1.25 wt% in U-235
in solutions is reported as 1,500 kg. The average effective enrichment of
the uranium in the trench is reported as 0.988 wt%, Reference 1. Thus, the
safe mass would be larger. The net result is that the uranium in the

trench cannot become critical even under the most conservative assumptions.
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Table 1. Apparent Enrichment of Uranium in 300 Area Process Trench

Activity Isotopic Activity U-235/U-238
(pCi/gm) Atomic
Assay 1. D. [ype U-235* U-238 Ratio
B01032 Alpha 1.7 g.2 0.0291
_Gamma .69.52 0.9821 11.15%*
801033 Alpha 74.0 360.0 0.0324
o Gamma 30.79 448.0 ~0.0108
i BO1034 Alpha 320.0 2900.0 0.0174
Egg- Gamma 219.3 3196.0 0.0108
i B01035 Alpha g.2 50.0 0.0290
?i: Gamma 2.074 26.4 0.0123
801036 Aipha 140.0 1070.0 0.0206
Gamma 84.64 1246.0 0.0107
BO1O38 Alpha 1600.0 6030.0 0.0418
Gamma 638.4 9143.0 0.0110
B0O1040 Alpha 380.0 9130.0 0.0066
Gamma 691.0 9659.0 0.0113
BO1041 Alpha 2.1 8.6 0.0385
Gamma 0.3918 4.33 0.0143
B01042 Alpha 7.4 33.0 0.0353
Gamma 3.013 46.0] 0.0103
B01043 Alpha 10.0 77.0 0.0205
Gamma B8.784 129.6 0.0107
B0O1044 Alpha 2.9 30.0 0.0152
Gamma 1.717 26.74 0.01011
BO1045 Alpha 0.68 4.3 0.0249
) Gamma -- -- --
BO1046 Alpha 4.2 69.0 0.0096
Gamma 3.443 53.18 0.0102

*This activity inciudes the U-236 activity.

~-**This ratto 1s-inerror, perhaps due to incorrect data transcription.
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Table 2 Apparent Uranium Concentrations in 300 Area Process Trench.

Distance Depth Concentration

Assay 1. D. meters (ft) meters (ft) {gm U-238/am})
B01034 0.0 0.0 B.63E-03
801033 0.0 I (3.0) 1.07E-03
B01040 20.0 (65.6) 0.0 2.72E-02
B01036 20.0 (65.6) I {3.0) 3.18E-03
BO1043 100.0 (328} 0.0 2.29E-04
B01042 100.0 (328) 1 (3.0) 9.82£-05
--B01046 ----- 400.0 -(1310) - 0.0 - -2.05E-04
801045 400.0 {1310) 1 (3.0) 1.28E-05

Notes: 1. The distance is measured from the point of discharge into the
trench.

2. The depth is the samp]é depth into the trench bottom.
3. The samples have been concentrated into about 3% of the
original soil volume.
The quantity of uranium in the trench reported as 720 kg (Reference 1) was
from the Table 2 data.
It is noted that the sampling technique used to measure the uranium

activity concentrated the uranium into about 3% of the original soil
volume.

A-4



u E, Ta
Page 5
January 13, 1992

due to a failure to d1fferent1ate between the alpha particles from U-235
and those from U-236. Alpha particles are emitted from U-236 with three
major energies in the range from 4,332 keV to 4,494 keV. The alpha
particies from U-235 have energies in 14 major groups ranging from

4,150 keY to 4,598 keV. These energies are shown in Attachment 2, from the

" Nuclear Data Tables, Reference 2. The uranium isotope U-236 is present in

very small trace amounts in recycled uranium, if at all. When uranium is
irradiated, there is competition between capture and fission in U-235 which
results in a buildup of U-236 in the uranium resulting from non-fission
capture. The unburned uranium in the N Reactor fuel was recovered during
the p]uton1um separat1on process and recycled into the N Reactor fue] The
is greater. The half- 11fe for U-235 is 7 04 x 10° years, while the half-
life of U-236 is 2.34 x 107 years, The specific activity of each isotope
is proportiona] to the inverse of its half-life. Thus, the

1-236_1s_7.04 x iu'f? 3¢ ¥ 107 = 30 times as active as U-235 for the same

number of grams (or atoms) of each isotope. It is calculated that for
about 640 ppm of U-236 combined with 1 wt% U-235 in the uranium fuel, the
activity would be equivalent to a U-235 enrichment of 2.9 wt%. This is the

- apparent enrichmeni-ef- the uranium at the first entry in Table 1. It is
_noted that UNI-489, Reference 3, used a U-236 content of 0.04 wt%

(= 400 ppm) and that further recyc]e of the N Reactor uranium would
increase this U-236 content. The composition tabie from UNI-489 is
jncluged as Attachment 3 to this memo.

It is noted that for unirradiated uranium that is used for commercial power
reactor fuel, there will be no U-236 present and the alpha spectroscopy
will produce acceptable accuracy for U-235 assays.

The difference between the 1.08 wt% calculated from the gamma spectral
analysis and the 0.988 wt% in Reference 1 is attributed primarily to
uncertainties in the gamma spectroscopy with minor contributions from

______ LR LA

uncertainties in the Reference 1 estimates.

The uncertainty imposed in using the safe mass for 1.25 wt% uranium scrap
is conservative because the average enrichment for the uranium in the

~ trench is estimated as 0.998 wt%. There is further conservatism inherent

in the safe mass calculations which assume an ideal mixture composed of
fuel rods in water with an optimum diameter and spacing.
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RECOMMENDAT JONS

The best estimate of the enrichment of the uranium in the process trenches
is 0.988 wt% from the Reference 1 memo.

The amount of the uranium in the process trenches is 720 kg, as reported in
Reference 1. This is a conservative upper limit.

Prepared by: %"’4"4 a//://'?d %j”?/

A. D. Wilcox, Senior Engineer Date
Reactor Physics and Special Studies

LS o D AS AR 5 fomsany 193]

W. D. Wittekind, Principal Engineer
Reactor Physics and Special Studies
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H. Toffer, Manager " Date
Reactor Physics and Special Studies
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ATTACHMENT 1 RESULTS (page 1)

TMA/Norcal

Lustomer Group No.  Collection ResUlts
1.D. 2513 Date Analysis pCi/g +2
T B01032 1 7/30-31/81  Gross Alpha 24 + 10
Gross Beta 30+ 6
_ s (2= 7) E-01
*Tc (3.8 + 0.2) £+00
Jotal Uranium (2.8 £ 0.6) E+01
24y (1.3 = 0.1) E+01
2y ; (1.7 = 0.3) E+00
25 (8.2 = 1.0) E+00
Bbpy, (1.8 = 1.5) E-01
B9, 240p, (1.4 = 0.5) £+00
Gammz Scan:
4o (1.058 = 0.047) E+01
o (2.202 = 0.322) -01
B (5.229 = 0.334) £-0]
i 226pa (4.213 = 0.448)  E-01
25y (6.952 = 1.100) E-01
- S -~ 28 (9.821 = 2.557) E-Cl
25T (6.424 = 0.287) TE<01
S . B (57637 = 1.114) E-0I
B01033 2 7/30/31/¢81 Gross Alpha 316 = 23
Gross Beta 454 = 12
ot 3s (1.3 = 12) £+00
%7 ~ (9.9 = C.3) E+0)
Jotal Uranium (1.0 = C.2) E+03
24 (5.2 = 0.3) £+02
23y (7.4 = 0.9) £+01
S =8y (3.6 = 0.2) £+02
26 (7 = 8) £-02
235, 260p (1.7 = 0.7) £-01
- . Gamma Scan:
K (§.285 + 0.418)  E-+00
o (1.130 = 0.281) E-01
Pieg - (5.334 = 0.426) £-0!
22 £.849 = 0.581) E-0I
g (£.84S = 0. <
=y (3.079 = 0.028) E<01
- - =ty (£.480 = 0.0786) E+0Z
2267, (1.533 = 0.065) E+00
22T (6.262 = 1.175)  E-01
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ATTACHMENT 1 RESULTS (page 2)
TMA/Norcal
Customer Group No. Collection Results
1.D. e513 Date Analysis pCi/g +2
B01034 3 7/36-31/91  Gross Alpha 3,12 + 0.08 £+03
Gross Beta 5.42 + 0.0% E+03
3 (1.5 = 0.3) E+01
e (7.38 = 0.09) E+02
gﬂta1 Uranjum (6.7 £ 1.3) E+03
U (3.9 = 0.3) F+03
§:u (3.2 + 1.2) E+02
e’ (2.9 = 0.2) E+03
Py (2.3 = 1.4) £-01
i ST (1.6 = 0.5) E+00
Gamma Scan: :
By (5.226 + 0.629)  E+DO
o (5.536 + 0.712) E-0l
Breg (1.083 + 0.121)  E+00
;;:Ra (1.244 5 0.201)  E+00
U {2.183 = 0.011) E+02
=8y (3.196 = 0.029) E+03
b7 (5.385 = 0.133) E+00
B2Th (1.429 £ 0.251)  E+00
B0iG25 z 7/30-31/¢8] Gross Alphz 49 + 12
gross Bete 60 = 5
9251- (2 + 6) £-01
Te (2.25 = 0.C3) E+03
%cita'l Uranium (1.1 £ 0.2) £+02
U (6.9 = 0.2) £+01
gsu (9.2 = 1.2) £+00
ot (5.0 = 0.5) £+01
Py (0 + 6) E-02
23%,220p,, (0 2 5) £-02
- Gamma Scan:
oy (9.417 £ 0.431 £+00
SGe (8.216 + 2.380) £-02
N Bice (3.930 = 0.291) E-01
*2°Re (3.934 = 0.420) E-0!
;;u (2.074 = 0.168)  E=+DO
28y (2.646 = 0.326) £+01
<2BTh (5.725 + 0.272) E-01
“iTh (5.938 z 1.018) E-01
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ATTACHMENT 1 RESULTS (page 3)
TMA/Norcal _ -
Customer "Group No. Collection Results
1.D. Date Analysis pCi/g +2
B01036 7/30-31/81 Eross Alpha .62 + 0.06 E+03
Gross Beta .78 + 0.03 E+03
; s 6.7 £ 3.6) £+00
*Te 6.91 + 0.07) £+02
lﬁta1 Uranium 2.1 & 0.4) E+03
o’ 1.53 + 0.08) E+03
oV 1.4 + 0.3) E+02
sl 1.07 + 0.06) E+03
Epy, (1.6 + 0.9) E-01
239, 246p,, 5.3 + 1.6) £-01
Gamma Scan:
“og .921 + 0.506) E+00
o .592 + 0.486) E-01
;"Cs .280 + 0.688) E-01
) 225pa 4,036 + 0.917) £-01
=5y oo (8.264 + 0.055) - E+01
o 38y (1.246 = 0.015)  E+03
226y <1.286 E-01
-- B2Th (8.278 = 1.782) £-01
801038 7/30-31/91  Gross Alpha 3.09 = 0.07 £+03
Gross Beta 1.12 £ 0.01 t+04
o sr (1.2 = 0.2) £+01
*Te (3.60 = 0.08) E+03
szg;taﬂ Uranium (1.6 = 0.3) E+04
all (8.79 = 0.74) E+03
U (1.6 = 0.2) £+03
o (6.03 + 0.052) E+03
30 e (1.2 = 0.4) E+00
L T (4.1 £+ 0.9) £+00
e Gamma Scan:
“oy (2.400 + 0.658)  £+00
&cg (7.88]1 + 0.978) E-01
e (8.917 + 1.383) E-01
“2%Ra (9.942 = 2.591) £-01
;Zu (6.384 = 0.017)  E+02
(9.143 = 0.043) E+03
;;STh (1.573 + 0.020)  E+01
“Th (1.751 = 0.380) £+00
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ATTACHMENT 1 RESULTS (page 4)

TMA/Norecal
Customer Group No. Collection Results
1.D. 2513 Date Analysis pCi/g +2
8 7/30-31/91  Gross Alpha 4.45 + 0.09 £+403
Bo1040 / / Gross Bega 1.22 + 0.0] E+04
5r (1.8 = 0.7) E+01
*Tc (3.45 + 0.06) £+03
Total Uranium (2.0 £ 0.4) E+04
Béyy (1.19 + 0.11) E+04
235y (3.8 + 3.0) E+02
28 (9.13 + 0.84) E+03
= e Bpy (6 + 4) E-01
pe 239, 260py) (4.7 + 1.5) £400
' Gamma Scan:
“ox (3.132 + 0.917) E+00
“0co (9.625 + 1.340) E£-01
B37cs (1.140 = €.150) E+00
2262 (9.713 = 3.193) E-01
23y (6.910 = 0.622) E+G2
28y (9.659 = 0.051)  E+03
gl (1.679 = 0.038) £+01
Z27h (1.656 = 0.478)  E+00
BC1041 g 7/31/81 Gross Alpha 11 + 8
Gross Beta 17 = 3
b5y (4 = 48) £-02
e (1.3 = 0.4) E+00
Total Uranium (1.6 = 0.3) 7 E+01
z= (1.3 2 0.2) E+01
235 (2.1 = 0.5) £+00
238, (8.6 = 1.2) E+00
238p,, (0 = 6) £-02
o 239,20py (0=7) E-02
) fLamma Scan:
. “0g . {9.360 = 0.388) E+00
o (8.434 + 2.272) £-02
. Bics (3.751 = 1.315) E-02
225pa (3.898 = 0.385) £-01
235 (3.018 = 0.764) E-O1
235 (£.330 = 2.477) E=+00
. E2BTh (5.827 =.0.227) _ E-0D]
R BeTh (5.624 = 0.886) E-01
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ATTACHMENT 1 RESULTS (page 3)

TMA/Norcal
Customer &roup No. Coliection Results .
1.D. 2513 Date Analysis pCi/g +2

ST Bolo42 10 '7/30-31/91 Gross Alpha 63 + 13

gross Beta 120 + 7
4¢3 (6 + 9) E-01
Te (2.2 £ 0.1) E+01
Lota'l Uranium (6.2 £+ 1.2) E+01
- By - {46+ 0.7) -~ E+D1
gZu (7.4 = 1.4) £+00
. U (3.3 = 0.5) £+03
=8 y (0 + 2) E-01
=28 B9, 240py (0 x1) £-01

ot Gammal' GScan : _

o K (9.852 + 0.497) E+00
= *%o (6.691 = 2.448) E-02
o B7cs (3.407 = 6.325) E-01
a7 225pa (3.818 = 0.467) E-01
: 23y (3.013 + €.177)  E+00
24 (4£.601 = 0.406)  E+01
- ZBTh (6.550 & 0.445) E-01
Srp 0 T TU(6.510 £.1.184) E-01

B01043 11 7/30-31/91  Gress Alpha 24 = 8

gcross Beta 37 = 4
Sr (4 = 10) £-01
%Tc (2.70 z 0.08) E+01
Total Uranium (1.4 + 0.3) E+02
24y (1.1 = 0.1) E+02
2y (1.0 % 0.3) E+01
238y (7.7 = 1.0) E+01
Z8py, (2.2 = 0.8) £-01
235,20, (2.0 = 0.8) £-01

- _ Gamma Scan:

: 4o (8.846 + 0.473)  £+00
o (1.369 = 0.317) Z-01
Bics (6.079 z 0.441) E-01
226p2 (£.020 + 0.595) £-0]
23y (£.784 = 0.200) E+00
o =8y (1.296 = 0.061) E+02
22byp, (8.045 = 0.604) E-01
B2Th (5.658 = 1.122) E-01
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ATTACHMENT 1 RESULTS (page ©)

THMA/Norcal
Customer Group No. Collection . Results
I1.D. 0513 Date Analysis pCi/g +2
B01044 12 7/30-31/81 Gross Alpha 18 + 8
Gross Beta 3B+ 4
g (4 = 2) £-01
%7¢ (1.3 = 0.1) E+0]
Total Uranium (7.5 £ 1.5) E+01
24 (4.2 + 0.4) E+0]
25 (2.9 % 1.3) £+00
28, (3.0 = 0.3) E+01
Bsp, (6 + 5) E-02
29,240y (9 + 5) £-02
Gamma Scan:
4oy (9.560 + 0.434)  E+00
o (3.088 = 0.301) E-01
Bies (6.851 + 0.360) E-O1
Z25pa (4.223 + 0.490) E-01
25y (1.717 = 0.154)  E+00
- - ffﬁu (2.674 = 0.317) E+0]
Th (6.154 = 0.290) E-01
BiTh {5.833 = 1.015) E-01
B0O1045 12 7/30-31/81 Gross Alpha 8 +7
Gross Bet:z 14 = 4
:ﬁs;r (2 = 8) £-01
Te (1.2 = 0.1) E+01
Total Uranium (1.2 + 0.2) E+01
g;u (5.7 = 0.7) £+00
25U (6.8 = 1.8) £-01
U (4.2 = 0.6) E+00
#6p (0 + 8) E-02
236,240p, (0 = 6) E-02
- Gammz Scan:
“oy (9.162 + 0.442)  E+00
&co (4.497 = 2.085) E-02
137 (3.440 = 0.214) E£-01
- £25p2 (4,342 = 0.418) E-01
T T 2zbt, (5.178 = 0.250) E=01
BiTh {5.178 + 0.930) E-01
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ATTACHMENT 1 RESULTS (page 7)

P15

TMA/Norcal

Customer Group No. “Coliection Results
I1.D. 9513 Date Analysis pCi/g +2
BO1O46 = 14 7/30-31/91 Gross Alpha 55 + 11
T gross Beta 8l 25
ooST (6 + 21)
Te (2.2 + 0.4)
'ZI'Sc.;.ta] Uranium (1.5 + 0.3)
o (8.7 + 0.7)
U (4.2 + 2.5)
(6.9 + 0.6)
Sbp,, (0 + 2)
239,240, (3.0 % 2.3)
Gamma Scan:
“ox (1.207 + 0,083)
e Sy {1.034 1 0.051)
137 (1.067 = 0.048)
226pa (5.547 + 0.628)
25 (3.443 = 0.217)
gzu (5.318 + 0.594)
5Th (7.128 + 0.311)
BiTh (6.739 + 1.367)



WHC-SD-EN-SAD-005, REV. 2

ATTACHMENT 2 QA/QC RESULTS (Page 1)

TMA/Norcal .
. Customer G&roup No. Collection Results
1.D. 9513 Date Analysis pli/g +2
BD1032. 1 7/30-31/81 Gross Alpha 24 + 10
Gross Beta 30+ 6
s (227 E-01
oy (3.8 + 0.2) E+00
Total Uranium (2.8 + 0.86) E+01
B4y (1.3 % 0.1) E+01
Z3y (1.7 + 0.3) E+00
-y (9.2 + 1.0) E+00
u (1.9 + 1.5) E-0]
- : &9,240p,, (1.4  0.5) E+00
Gammz Scan:
oK (1.058 + 0.047) E+01
£co (2.202 = 0.322) E-01
7o Cs (5.229 + 0.334) E-01
soRa (4.213 = 0.448) E-01
U (6.952 = 1.100) E-01
U (9.82) + 2.557) E-01
b1y (6.424 = 0.287) E-01
2BTh (5.937 + 1.114) £-01
B0O1032 15 7/30-31/91 Gross Alpha 13+8
Gross Beta 23 £ 5
s (-6 + 57) E-02
ats (2.2 + 0.2) E+00
lﬁta1 Uranium (2.5 + 0.5) E+01
U (1.2 = 0.1) £+01
33y (1.7 % 0.3) E+00
22::” (9.0 + 1.0) E+00
ooPy (0 + 6) E-02
, 1240y (2.7 + 1.0) £-03
Gamma Scan:
- :gK (1.001 + ©.048) £+01
- Co (1.987 = 0.304) £-01
Bies (4.751 + 0.346) E-01
22pa (4.168 = 0.447) E-01
255y (7.590 = 1.130) £-01
28 (1.107 = 0.2983)  E+01
gl (6.172 = 0.299) E-01
B2Th (5.714 + 1.139) E-01
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ATTACHMENT 2 QA/QC RESULTS (Page 2)
TMA/Norcal
Customer Group No. Collection Results
1.D.--- 9513 - -Date ~Analysis pli/g +2
BO1046 14 7/30-31/91  Gross Alpha 55 + 11
Gross Beta Bl + 5
s (6 = 21) E-01
PTc (2.4 + 0.4) E+01
lapaI Uranium (1.5 + 0.3) E+02
s (8.7 + 0.7) E+01
o (4.2 + 2.5) E+00
- (6.9 + 0.6) E+01
239, 240 (0 2 2) E-01
Pu (3.0 + 2.3) E-01
Gamma Scan:
40 (1.207 + 0.053) E+01
go (1.034 + 0.051) E+00
- (1.067 + 0.048)  £+00
- ‘“T= ______ {5,547 + D_628)  E-D]
235" (3.443 + 0.217)  E+00
28 (5.318 + 0.594) E+0}
2287y, (7.128 + 0.311) E-0%
B2Th (6.739 = 1.367) E-01
B0O1046 16 7/30-31/91  Gross Alpha 58 + 13
Gross Bets 110 = 7
oy - 4.0 £ 2.5) E-01
Te (2.3 % 0.1) E+01
Total Uranium (1.8 + 0.4) E+02
4y (8.5 + 0.8) E+01
23y (6.0 + 2.0) E+00
B3y 1672 +°0:6) E+01
238 o
u (0 + 8) E-02
| 39,20p,, (0 + 8) E-02
- Gamma Scan:
. “Og (9.528 + 0.440) E+00
e (8.887 + 0.457) E-01
B (1.045 = 0.040) E+00
22602 (5.524 + 0.577) E-01
25y (2.934 = 0.156) E+00
238y (4.510 % 0.404) E+01
;;:Th (7.128 + 0.318) E-01
Th (7. 9 +1.398) E-0l
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From: ' Reactor Physics and Special Studies
Phone: 6-2894 HO-38
Date: August 1, 1991

Subject: CRITICALITY EVALUATION OF 300 AREA TRENCHES

To: G. L. Smith L§-75
cc: P. C. Doto R3-01
N. R. Kerr B1-35

A. E. Waltar HO-32
A. D. Wilcox HO-38

HT-File/LB 9142
References: 1. WHC-CM-4-29, Nuclear Criticality Safety Manual,
"Criticality Engineering Analysis," September 15,
1988.
B 2. Nuclear Criticality Safety Theory and Practice, R. A.
Knief, American Nuclear Society, p. 69, 1985,
3. WHC-SP-0193, 300 Area Process Trench Report, December
- 1987.
4, Criticality Safety of Uranium Metal Scrap in Concrete

Billets, American Nuclear Society Transactions, H.
Toffer and E. A. Weakley, Vol. 15, Number 1, p. 31C-
311, June 1972,

SUMMARY

The enrichment, the form, and the amount of uranium in a multi-material
matrix makes criticality impossible in the 300 Area process trenches and
during subseguent handling of the uranium bearing material.

DETAILS OF ANALYSIS

A detailed assessment of subériticality for the trench material was
performed. The evaluation relied extensively on past analyses and
measurements. The evaluation approach considered: an assessment of the
average enrichment of the material; nuclear criticality of the uranium in
various forms at that enrichment; the impact of the matrix material on
criticality; and nuclear criticality for hypothetical scenarios.
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G. L. Smith
Page 2

“August 1, 1991

The 300 Area trenches were put in use in March of 1975. They received
mostly uranium bearing process solutions from the N Reactor fuel
fabrication facility. Some limited amounts of solutions contzining
depleted uranium were added by the Pacific Northwest Laboratory. The
concentration of uranium in the trenches (approximately 0.03 g/cc) was too
low for any mining considerations and well beiow concentrations at which
neutron multiplication constants would be a maximum (Reference 4).

ENRICHMENT OF THE URANIUM

" 1f the assumption is made that the uranium is typical of the N Reactor

fuel, then an average enrichment based on N Reactor throughput can be
*ﬂuﬂlcped Considering that the N Reactor is loaded with 300 spike fuel
701 base metal, and 2 natural uranium metal fuel charges:

Spike fuel charge 384 1b 0.947 wt% enriched U
360 1b 1.25 wt% enriched U
Base charge MKIV . 816 1b 0.947 wt% enriched U

Natural charge MKIVBE 816 1b 0.72 wt%Z enriched U

Based on the above 1isted inventories, an effective enrichment of 0.988 wt%
is calculated. This agrees with some enrichment measurements of 0.94 wi%
U-235 in uranium of the material in the trench according to E. A. Weakiey.
Any addition of dep1eted granium bearing wastes would lower the 0.988 wt%

" viaTue.  The fact that the effective enrichment of the uranium in the

trenches is 1.0 or less has important ramifications on nuclear criticality
considerations.

NUCLEAR CRITICALITY OF THE URANIUM IN VARIOUS FORMS

~ Since the average uranium enrichment of the material in the trenches was

determined to be less than 1.0 wt% U-235 in uranium, and all sampling
indicates a homogeneous distribution of uranium in the matrix, certain
nuclear criticality 1imits can be established.

nijum homogeneously distributed in water at optimum moderation with a
1 03 wt% enrichment can not be made critical. In other words, the material
has an infinite critical mass. If the uranium assumes some heterogeneous

_forms, the critical mass for 1.0 wt% uranium will become finite, and

according to Reference 2, is 2300 1b (optimum size rods water refiected and
opt1ma11y moderated). It is highly improbable that the uranium would
assume an optimum heterogeneous configuration.
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IMPACT OF THE MATRIX MATERIAL ON NUCLEAR CRITICALITY

Reference 3 indicates that the uranium in the trenches is mixed
homogeneously with a variety of other elements, mostly metals such as
copper, nickel, chromium, etc. Each one of these constituents in a mixture
will tend to make the uranium more subcritical or increase critical masses.
No explicit calculations were performed, but results in Reference 4 show

~that small amounts of contaminants have significant impact on critical

masses and k-inf values. The reference compares uranium distributed
uniformly in water and in concrete, both 2s a homogeneous mixture and a
heterogenous distribution. In either case, the matrix material decreases
k-inf values substantially. The effective enrichment of homogeneously
distributed uranium in concrete that can be made critical is approximately
1.6 wt%, whereas the value for water is 1.03 wt%. The value for uranium
nitrate is 2.1 wt% Any presence of matrix material will make uranium
systems be more subcritical.

NUCLEAR CRITICALITY FOR HYPOTHETICAL SCENARIOS

An unrealistic hypothetical scemario can be postulated that assumes all the
uranijum is of the highest enrichment and that it is in a homogeneous
distribution at optimum conditions of moderation and refilection. In
Reference 3, a vaiue of total amount of uranium in the trenches was quoted
as 720 kg. The safe mass for 1.25 wt% enriched uranium in solution is

3300 1b or 1500 kg uranium (see Reference Z).

It is assumed that all the uranium would become heterogeneously distributed
throughout the trench material with optimum moderation and reflection and
no matrix materials present. The minimum critical mass would be 2300 kg
for 1 wt% and 750 kg for 1.25 wi% uranium enrichment.

CONCLUSION

The uranium present in the trench material has an enrichment that is too
low for potential criticality. It is in a homogeneous form and the total
mass of uranium is insufficient to support a self-sustaining chain
reaction, even under the worst case assumptions. Therefore, it is safe to
handle the material from a nuclear criticality perspective.
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According to Reference 1, uramium homogeneously distributed in a@ matrix and
having a uranium enrichment of less than or equal to 1 wt¥% U-235, as well
as facilities containing such matrices, are exempt from criticality
controls.

Hans Toffer, Manager
Reactor Physics and Special Studies

ey

e
CONCUFE}:&E:W

~P. C. Doto, Manager
Criticality Engineering Analysis

kls
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Radiation
Type

Energy
kaV}

lnumliy
1%}

Ajgread/

uCi-hj

® 3)4py - Decay (117 m 3}
%8 Decay = 89.840 18

! {min} = 0.70%

Fooas 2 2*U
See also 2**Pa |T Decay (1.17 m)

Auger-L 9.09 0.35 § 4]
o ce-1- 1 21.723 10 C.47% 15 0.0002
—— “ge=EED- V- 37.%12 - 4.1M3 a. 00mM
-- ce-i= 8§ — 6.5 7 -98:39%2 - 0.0059
g~ 1 max 1236 5
syyg %10.2 19 0.74 0. 0065
e~ 2 max 1471 5
avg 500,06 20 0.62 0.0066
~ 3 sarx 2201 S
avYyg 825.4 21 98. 6 1.73
total p-
avg B19.2 21 100, 18782 1. 7%
19 vank P's oaitted:
E8 {avg)= 208.8; LIps D.19%
I-rsy L 13,6 o.at 5 G, 0001
I-ray Ra, 95,6650 20 0.115 2 0.0002
I-cat AKRa, 98,4390 20 O0.107 & 0. 000N
¥y 57 T66. 810 20 0.207 @ 0. 003
7 82 1001.03 2 6.5890 1 0.0126

125 veank r's oanlttsd:
Eriavg)= 926.2; Ily= 0.37%

e 124 o Dacay (2.445E5 y 10}  imin) = 0.70%
Feeas 22°Th

% Sponwneous Fission = 1.2E-9 6

Auger-L 9. 48 8.7 14 ¢.00620
ce=1- 1 32.73 S 20.1 18 6. 0750
ce-B- 1 as.02 5 5.5 5 G, 0056
ce-N0P- 1 51.87 5 2.02 19 0. 0022
ce-l- 2 100. 428 20 0.139 15 £.0002
e 3 #604.7 20 0.20 3 0.023%5
- o ¢ ¢ $723.7 28 27.% 1% 2.76
a 12 4775.8 20 T2.4 20 T.36
I-ray 1Ll 13 10.5 14 g, 0429
T 1 53.20 5 0.118 10 06.000"
9 weak T)s oOmlitred:
Ev{evg)= 121.4; ILly= 0.04%
* 33y o Decay (7.038EB y B) | {min) = 0.10%
Feeds *2'Th
% Sponuneous Fission < 4.2E-—B
. __auger-1 5. 88 2% 10 0. 0058
ce~l- 2 11.077T9 35 B 19 8. bOaz
ce-KWO- 13 1%. 4077 3 60 R 0.020%
ce~1- 1} 20.9 3 1.2 8 g. 0oos
ce~L- A 21.89 15 1.6 10 6. 0090
Qe-RM~- 2 26.367T 3} 71 % 0. 0637
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fAadiation Energy Inansity Oigrad/
Type (kaV'} (%} uCi-n)
e 34Np EC Decay (396.1 d 12) | {min) = 0.10%
%EC Decay =« 88,9986 2
Feeds 334U
%a Decay = 0.0014 2
dugar-l .89 30 €.0062
I-tay L 13. 6 B 5 C.0109
I-Tay Ray 94.86650 20 0.51% 15 0.001t0
¥~rey FRa; 98.4390 20 0.83) 2w 0.001%7
I=ray K& 11 0.39 1y 0. 0009
‘o | ¢ 224U o Dacay {2.3415E7 y 14} | (min] = 0.10%

Fesds 23?Th

Augez-1l 9.48 9.2 17 0. 0019
ce=-1-" 1| 26,0897 9 19 ] 0.0117
ce-AN0O- 1 ut, 167 9 6.9 11 G. DDES
ce=l~- 2 92,278 15 0,158 7 0.00G3
T T a« i 332 8 2.260 10 0.02u0
e 2 4sus S 26 2.4é
e« 3 49y 3 & 7.08
Y-rey L 13 10.0 18 0.0D028

2 veak T's omitted:
Ty{avg)= 68.2; TIr=- 0.11X%

s 33&Np EC Decay (1.15E56 y 12) | imin} = 0.10%
%EC Decay = 91.1 20
Faeds 2**U

See aiso ***Np f~ Decay (1.15E5 vy}

buger-1 9.89 102 1% 0.08217
ce-1- 1 23,0B5 6 66.6 16 0. 0333
ce-n o~ 1 39.698 €& 24.4 B 0. 0206
ce-F- 13 4y._ 708 9 S.85 22 0. 0058
duger-K T2.6 1.6 12 0. 0020
ce-l- 2 B2.476¢ 5 60.6 15 C. 106
ce-n- 2 98_ 685 S5 6.8 & 0.0352
ce-NCp- 2 1wz 7192 S 6.32 23 0.0138
ce~l- 3 1386.553 & 31.7 12 0. 0937
ce-n- 1 154.762 & 8.8 &® 0. 0290
ce-KOP- 3 158.B69 & 3.28 13 0.0]11
_ _t-ray 1 13.6 131 1S £.0380
P 5,282 6 0,152 6 L. 0001
Y-reyY BRa; 94, 6650 20 20.7 % 0.0a17
I-ray Ra, 98,4390 20 33.6 7 0.0703
7 2 105,233 5 T.47 25 G.0166
1-ray K@ 111 5.6 & C.0369
1 k| 160,310 & 27.6 & 0.09813
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A-23

Radistion Energy Inensity Alg-sad/
Type ikeV} (%} #Ci-h)
ce=L- 5 Jo.83 10 5 1 0. 0027
ce-1~ & 31,6279 5 1.7v 22 0,0012
ce=k- 16 34,109 20 1.72 15 0.001)
ce=AN0- ) 3.2 3 a.a 3 . 0. 0003
ce-RN0- & 36.78 1S 6.7 S 0.0052
ce=Kk- 18 8t.209% 20 0.20 19 0.0002
ce~A~ § 6. 12 0 1.1 9 6.0011
ce-R- & 48,9177 3 o.a5 7 Q. 00058
ce=N0P=- § 4%.%7 10 GC.a 23 0.0004
_ee=L- 7 52.23 20 8.15 13 C. D0%é
ce-ROP- §  S2,7705 A& ©,1&3) 2¢ o, 0062
ce~fk- 19 §3.699% 20 0.57 # 0, 0007
ce~p~ 7T $7.52 20 1.13 4 0. 0016
Aooer-K 69.12 0.23 16 0. 0001
ca=N0P- 7 71.37 20 0.819 11 0. 0006
ce~K~ 22 Ti1.0% 20 6.6 6 D. 000%
- GeeR~ ¥} -Tu_ biw & 4 96 15 0. 6078
ce-1- 10 75.618 20 0.87 12 0. 00K
ce-l~ 11 BL. 668 20 0.107 1% 0. 0002
ce=RE0-10 90.908 20 0.2 § 0. 0006
ce-f- 28 92, 469 20 1.1 10 0.0022
ce=-k~- 27 95, 660 %0 a3 3 6, D007
ce=-L=- 1) 98.5279 5 o.S511 7 0. 0011
ce-AMO~-1) T .B177 3 0,15 5 0. 000S
ce-1- 16 123. 280 20 6,37 3 6.0010
ce=~NNO-V$ 138.57¢ 20 6.120 0 O, 000K
ce-1- 19 192,878 20 ¢.118 11 0. 0004
ce~l- 22 162.23 20 6,22 3 0. booe
. ce=l= 2} 163.243 S 1.00 3 0.0025
ce-AN0-23 178.513 5 0.317778 6. 0012
__ ce=-1l- 2§ 181.648 20 0.38 5 0. 0015
Ce-HMND-26 196.938 20 0.133 s C. 0006
] 1 §t50 5 0.90 20 o, 0796
a 2 8217 21 5.7 & 06.57%12
e 3 4218 & .9 0. 0809
s & 4271 S O.& 0.0368
s 5 4328 4.6 5 0.K2&
« b q43ua 1.5 0.139
a 7 3en 5 1" 1.02
. 8 4370 N 6 0.5568
e 9§ Q396 2} 85 1 5.1%
. 10 LY S T 2.0 20 0. 197
« 1 “a3s S 8.7 0.05661
« 12 4502.0 20 1.70 20 0. 163
« 13 a4556.0 20 k.2 3 0. 808
a 4 RS98.0 20 5.0 % 06.%90
I-ray 1L 13 31 1 6. 0006
T 2 72.70 20 c.1 0. 0002
I-ray Kug $9.9530 20 2,7 A 6. 0052
"""" I-ray FRa, $3.3500 20 &.5 ¢ 0. 0089
I-rzy KB 105 2.1 2 0. D0AE
Ty n Y09, Y40 20 1.50 20 0.0025
+ 1 120 8,15 0. 000N
y 15 140.77 8 6.2z 3 £.0007
T % 123.760 20 0.5 @ 0.0322
vy 9 163,350 20 4.7 & 0.016
T 2 182.70 20 g.ag0 S 0. 0016
y 2 183,715 S SA 6. 211
Ty N 194,980 10 0.59 & 0.002%
T 2% 202.120 20 1.00 0 0.00R3
y 205,311 10 R,7T & 0. 0206
r 221.380 20 g.1¢c0 10 0. 0005
42 veaak y's oaitted:
eriavg)= 190.3; TIy= 0.92%
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Radiation Enargy
Typs ikeV]

Inwmnsity Alg-racd/
%) #uCi-h)

e 33Ny 85 Decay (1.1SEE y 12)
%8~ Dacay = 8.8 20
Feeds %Py

| imin) = 0.30%

See also 2?*Np EC Decay [1.15E5 vyl

Auger~-1 10,3 S$.% 15 0.001)
ce-L- 1 21.50 10 6.5 15 g. 0030
ce~-F~ 13 38 b 6.3 2 0. 0002
ce-aAM0+ 1 .67 0 2.8 6 6. 0020
Ce-l- 2 T} 6.0 14 0. 0099
ce-n1~ 2 94 3 1.7 & C. 0D
ce-NOP- 2 98 3 0.65 15 0,001
ce=-L- 3 137 6 2.0 21V 0. 0058
Ce~-p- 3 154 6 0.6 & c. 0038
Ce-ECP- ) 158 6 .21 22 c. 0007
P 1 max 195 5
avyg 82.3 15 5 & 0. o056
g~ 2 mal 355 23
avg 105.6 9§ 5 5 0.0112
totsl) B°
avyg 8.9 15 1w 7 . 0168
I-zay 1L 16,3 8.8 20 0.0027
T 2 100 3 6.52 12 8. 0011
I1-ray Ka, 103.76 & 06.13 w 6. DOC3
+ 2 160 & .4 15 0. D0kS
1 weak T's oOmltted:
Ey javg) = 4s&.6; Liy= 0.01¢
® 33*Np EC Decay (225 n 4} | {min}) = 0.10%
%EC Decay = 52 1
Feeds 32*U
See also ***Np B~ Decay (22.5 h)
chuger-i - --8.89 ---20 3 0. 0042
ce=-1~ 1 23.885 6 5.8 3 0. 0027
Ce-KNO- 1 39694 & 1.96 12 0.0017
buger-kK 72.6 0.9 7 0. 0013
ce-k- & 526.72 10 0. 155 16 6. 0017
I-ray 1L 13.6 26 3 ¢. 0078
I-tay Ka; 94,6650 20 11.26 24 0.0227
I-ray ke, 96.4290 20 18.2 4 . 0382
I-cay Kg 111 .50 20 - 6. 0201
T A 682.33 10 1.38 8 0. 018%
b 5 687.52 10 6. 367 21 0. 0058

J weak T's oOmitted:
T CEY(avgie- 304.8;

& 336Ng B Decey (22.6 h 8- - -

%3~ Decay = 48 1
Feeds *3*Pu

Iir« 6.0

w
[ L}

See also *2*Np EC Dscay (22.5 h}

rgper-L 10.3
ce=1~- 1 z1. 50 10
Ces-BNO~- 3. 67

A-24

2.4 & c.ooes
6.06 23 ) 0.0020
2.20 5 0.0018

[Conunued)
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APPENDIX B

TABLE IV

UNIRRADIATED I REACTOR FUEL ELEMENT
DIMENSIONS AND_1SQOTOPIC COMPQSITION

HK 1A MK 1V
Quter Tube .
Zirconium Clad 0D in. (cm) 2.404- (6.106) 2.425 (6.160)
4 Uranium 0D in. (cm) 2.354 {5.979) 2.375 (6.032)
e -~ Uranium 10 in. (em) 1.817 (4.615) 1.781 (4.422)
Zirconium Clad ID in. {cm) 1,767 (4.488) 1.701 (4.320)
~Clad Fuet Length in. (cm)- 20.88 (53.04) 26.10 (66.29)
Uranium Core Length in. {cm) 20.51 (52.10) 25.73 (65.35)
Weight of Element U 1b (kg) 24.45 (11.09) 34.88 (15.82)
cooevmm - Hranium Composition w/o L-235 1.25 0.947
w/o U-238 88.70 99.00
w/o U-234 g.01 0.0}
W/o.U-2386 0.04 0.04
Inner Tube
Zirconium Clad 0D in. (cm) 1.246 (3.165) 1.279 (3.249)
Uranium OD in. {cm) 1 166 (2.962) 1.219 (3.096)
Uranium ID in. (cm) 0.490 (1.245) 0.520 (1.321)
“Zirconium Clad ID in. (cm) 0.440 (1.118) 0.480 (1.219)
Clad Fuel Length in. (cm) 20.82 (52.88B) 26.04 (66.14)
Uranium Core Length in. (cm) 20.45 (51.94) 25.67 {65.20)
Weight of Element U 1b {kg) 12.21 (5.538) 16.30 (7.394)
Uranium Composition w/o U-235 0.947 0.947
w/o U-238 99.00 ... - 99.00
w/o U-234 0.0 o 0.01
w/o U-236 0.04 o C 0.04
Assembly Weight U 1b {kg) . = ~36.7 (16.6) 51.2 (23.2)
Density Uranium 18.9 g/cc

Density Zirconium 6.4 g/cc
A-26
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RADIOLOGICAL CALCULATIONS

Volume of crib
50 ft x 60 ft x 30 ft = 9 x 10° ft
15.24 m x 18.29 m x 9.14 m = 2.55 x 10° m®
Volume of dump truck
8 ft x 12 ft x 3 ft = 288 ft?
2.44 mx 3.66 mx 0.91 m=8.13 m3
Ratio of dump truck volume to volume of crib
8.13 m* = 3.19 x 107
2.55 x 10°m*
Sample dose adjustment

(3.19 x 107%) x (2811 mR/h) = 8.97 mR/h contact on side of dump
truck. (2811 mR/h is the dose rate for the total crib inventory in

one truck load).

—--WIND NTSDEDSTOANM MANE]
AW WiIJrLiJIVIY TIVULL

This model conservatively assumes that the dispersable inventory of the
crib would be spread over an area of 9 m® with a depth of 1 cm. This
assumption would subject a portion of the inventory to resuspension by wind

erosion.
Where

Concentration of *°Co dust at 100 m = 2.2 x 107" mg/m’
(2.2 x 1072 mg/m°) x (1.13 x 10° uCi/mg) = 2.49 x 10°¢ uCi/m’

Derived gir concentration (DAC) %o = 1.0 x 10" uCi/ml or 1.0 x
107 uC1/m3

Derived cgncentration guide (DCG) 0co = 8.0 x 107" uCi/ml or 8.0 x
107 yCi/m’

0 Co concentration at 100 m = 2 49 x 10°® uCi/m’= 2.49 x 10° DACs/m3
1.0 x 10 °uCi/m”

Where the respiration rate is 1.2 m/h and the intake rate is
(1.2 m/h) x (2.49 x 10 DACs/m’) = 2.99 x 107 DACs/h

8,760 h x 1 DCG = 0.1 rem effective dose equivalent (EDE)

B-1
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2,000 h x 1 DAC/h = 5 rem EDE
At 0.1 DAC, respiratory protection is required.
Therefore, at 100 m and using the most conservative model available, the
air concentration for the most limiting isotope within the crib would not

..reach a level requiring public concern (DCG). Consequently, the exposure to
the receptor groups would be well below the risk acceptance Timits in

e

~“WHC-CM-4-46, Nonreactor Faciiity Safety Analysis Manual.
Because the model is not reliable for concentrations at less than 100 m,

a conservative estimate for dust loading is multiplied by contaminant
concentration per gram of soil by dust Toading per unit volume of air. A
conservative estimate of the airborne potential to the facility worker can be
made.

Dust loading = 10 mg/m® in air

9o 3.7 x 10* pCi/g in soil

(1.0 x 10'2:g/m3) X (3.7 x 107 uCi/g) = 3.7 x 10°% uCi/m® or 3.7 x
107" uCi/em

CHEMICAL CALCULATIONS
Calculations for release of chemical contaminants are based upon a
source term for 9 m°, the surface area of soil in the dump truck and a depth
of 1 cm. This is the volume of soil subject to resuspension.
Where
97 ft? = the area of the dump truck.
In the following calculations we use the dimensions of a circle.
1/4 pi D* = area
97 = 1/4 pi D?
11.11 ft = diameter
1/2 D = radius
5.56 ft (1.69 m) (parameter for model input) = radius
14.9 mi/h (or 6.7 m/s) (parameter for model input) = wind velocity.
A minimum of 13 mi/h is required to resuspend dust; below 13 mi/h,
resuspension is not possible. At 15 mi/h, regulations require activities at

the Hanford Site be suspended because of the possibility of contamination
~being spread by wind.

B-2
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Conversion of the top centimeter of soil to grams

97 ft% x 0.0328 ft = 3.2 ft3 = 9.1 £ cm’

Conversion of volume to weight
(9.1 E* em’) x (2 g/em®) = 1.82 E° g of soil subject to resuspension.
Release rate example (Ag)

(1.82 E* g of soil) x (362 ug Ag/g of soil) x (3.5 E™®/s release
rate fraction) = 2.3 E™* g/s Ag (parameter for model input)

Where

6.7 m/s = wind speed {parameter)

a—

.69 m (parameter) = radius

-4
Sie =
/= =

|

|
()
(5]
rr

(2.5 E* g/s}) Ag (parameter).

Table B-1 provides a summation of models by contaminants.

Table B-1. Summation of Model by Contaminant (mg/m’).

Distance in Silver Chromium Copper Nickel Uranium Arrival time
meters in minutes
5000 - J2717 lee1w? 7.0 1075 1.3 1078 7.1 10°¢ 12
4,000 3.8 1077 6.3 1077 9.8 107 1.8 1078 9.8 1078 10
3,000 5.810°7 97107 |15t 28108 1.5 1072 7
2,000 1.1 1076 1.8 1078 2.8 10°° 5.3 1076 2.8 107° 5
1,000 3.3 107 5.6 10°% 8.6 1074 1.6 1075 8.7 107> 2
i 900 4.010° " [esd0® [ 1070 1.9 107 1.0 1074 2
200 4.8 10°% 8.1 107% 1.3 1073 2.4 107° 1.3 1074 2
700 6.11078 1,0 107> 1.6 1073 3.0 1073 1.6 1074 2
600 7.9 107 1.3 1077 20103 ° | 3.9 103 2.1 1074 1
500 1.1107° 1.8 107° 2.8 1073 5,3 107 2.8 107% 1
400 1.6 1077 2.7 1075 4.2 1073 7.8 1075 4,2 1074 1
300 2.7 10°° 4.5 1073 6.9 107> 1.3 1074 7.0 107% 1
200 5.5 107° 9.3 107° 1.4 1072 2.7 1074 1.4 1073 0
. 100 190t [3.210% l49w? gzt 4.9 1073 0
: B-3
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CALCULATIONS FOR WATER TREATMENT
In the 300 Area, approximately 1.51 x 10° L (40,000 gal) of washwater is

currently stored in "fract" tanks. Approximately 5% of that quantity will be
precipitated out via a water treatment system (7.55 x 10° LY. The water
treatment system is described in Appendix D.

(1.51 x 10° L) x 0.05 = 7.55 x 10° L of solids
The effTuent will be pumped into BF-25 boxes for disposal.
The dimensions of BF-25 boxes are as follows:

(1.22m) x (1.5m) x (1.83m) = 3.39

3.39 m® = 3.39 x 10° L/ BF-25 burial box

4 x (3.39 x 10° L) = 1.36 x 10* L (total volume of four BF-25 boxes)

Average concentration of uranium concentration in seven water samples
was 40 mg/L; the range of samples was 10,200 to 93,700 ug/L.

(4.0 x 107 kg/L) x (1.51 x 10° L of water) = 6.04 kg (13.32 1b) of
uranium in the stored water.

Expected removal of contaminants is at 95% efficiency; therefore
0.95 x 6.04 kg = 5.74 kg (12.65 1b) of uranium in the burial boxes.
"~ 5.74 kg divided by 4 boxes = 1.44 kg of uranium per burial box.

Using the above method, and anticipating equivalent extraction, expected
__.wejght_s_g_f_n'l'hnv- rnn'l':m‘ln:\n'l'c FnlTnuw

LAV R R PR LI B AL ]

Silver avg = 0.53 mg/L = 0.076 kg total removed = 0.019 kg/box
Chromium avg = 5.77 mg/L = 0.83 kg total removed = 0.21 kg/box
Copper avg = 44.5 mg/L = 6.38 kg total removed = 1.6 kg/box
Nickel avg = 4.99 mg/L = 0.75 kg total removed = 0.19 kg/box

The system is set up to reprocess water that does not extract all
contaminants; therefore, water will continuously be processed through the
system to as low as reasonably achievable.
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EXAMPLE CALCULATION FOR RESIDUAL CONTAMINANTS IN PROCESSED WATER

Where

0.53 mg/L = average concentration of silver in water used in soil
washing.

£0£5? mg/L of silver) x (1.51 x 10° L of water) = 8.00 x 10 g Ag
otal.

If 95% of s11ver is removed, 0.4 g of silver will remain in the treated
water. Also, 7,55 10° L of so]1ds were removed. Therefore, 1.51 x 10° L

—------ minus 7.55 % 10° L =1.43 x 10° L of water remaining.

0.4 g silver = 2.8 x 10%/L or 2.8 x 107 mg/L of silver in water

1.43 x 10° L
it
%i: Table B-2. Residual Contaminants in Processed Water.
g;% Remaining contaminants Concentration in mg/L Standards for
& in treated water groundwater*
e Silver 2.8 x 1073 mg/L 0.05 mg/L
Chromium 3.05 x 107" mg/L 0.05 mg/L
Copper 1.78 mg/L 1.0 mg/L
Nickel =~ - 12.83 x 10" mg/L --
- Uranium -4.56 x 10 "u'/' e 15 pCi/L
*Source WHC CM 7 5 Envrronmenta? ompiiance, Westinghouse Hanford Company,
Richland, Washington
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EPIcode 4.1 S/N 12149 BATTELLE
SUBSTANCE I.D. : COBALT 60 Lib

ERPG-1 : 33561071848000000000000000000000000000 ppm ERPG-2

AREA, CONTINUOUS : 2.7E-12 gram/sec
__HBEIGHT-EFFECTIVE: 0 Meters
RADIUS OF SOURCE : 1.69 Meters

SURFACE WIND SPEED :6.7 Meters/second
DEPOSITION VELOCITY: 1.000 cm/second

- STABILITY CLASS : D
TERRAIN : STANDARD
RECEPTOR HEIGHT (z) : 0

WHC-SD-EN-SAD-005, REV. 2

rary-

Meters

LOCATION OF MAXIMUM CONCENTRATION LEVEL

Distance : < 0.10Km
;Joevel : > < 0.0001 mg/m~3

" DOWNWIND CONCENTRATION
- Distance-km mg/m~3
ABA545855558444 8844445844444
S
S 0.10 2.2E-12
== 0.20 6.4E-13
& 0.30 3.1E-13
0.40 1.9E-13
0.50 1.3E-13
0.60 9.1E-14
0.70 7.0E-14
0.80 5.6E-14
0.90 4.6E-14
1.00 3.8E-14
2.00 1.2E-14
3.00 6.7E-15
4.00 4.3E~15
5.00 3.1E-15
6.00 2.4E-15
7.00 1.9E-15
8.00 1.6E-15
9.00 1.4E-15
10.0 T 1.2E-15
20.0 4.7E-16
40.0 2.0E-16
60.0 1.2E-16
-.80.0 8.3E-17
100 6.4E-17

B-7
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ARRIVAL TIME
hours:minutes
5555585554548448

A8 B4 BF B% ¥
NO-NONMMNMMNMNNPBPEHEEPOO

el el
SRt

COQOO0OO00O00O0OO0OO0COO0O0O0CO0O

.
[\
<

0:22
0:25
0:50
1:40
2:29
3:19
4: 9
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EPIcode 4.1 S/N 12149 BATTELLE
SUBSTANCE I.D. : URANIUM Library-XY

Molecular Weight : 238.0 gram/mole
CAS Number: [7440-61-1]
TWA : 0.20 mg/m~3
STEL : 0.60 mg/m~3
IDLH : 20 mg/m"*3
AREA, CONTINUOUS : 6.0E-03 gram/sec
HEIGHT-EFFECTIVE: 0 Meters
~-RADIUS OF SOURCE... .1 ... 1.69 Meters

SURFACE WIND SPEED :6.7 Meters/second
DEPOSITION VELOCITY: 1.000 cm/second

STABILITY CLASS : D
TERRAIN : STANDARD
__~RECEPTOR HEIGHT (z) : 0 Meters

j;OCATION OF MAXIMUM CONCENTRATION LEVEL
~Bistance : < 0.10km
-Level : > 4.9E-03 mg/m"3

= - ___ CONCENTRATION ARRIVAL TIME
~= Distance-km mg/m~3 hours:minutes
Aa858585845445444 adaada34444aa Aadasaadsasaaa

0.10 0.0049 0: 0

0.20 0.0014 0: 0O

0.30 7.0E-04 0: 1

0.40 4.2E-04 0: 1

0.50 2.8E-04 0: 1

0.60 2.1E-04 0: 1

0.70 1.6E-04 0: 2

0.80 1.3E-04 0: 2

0.90 1.0E-04 0: 2

1.00 8.7E-05 0: 2

2.00 2.8E-05 0: 5

3.00 ’ 1.5E-05 0: 7

4.00 ©.8E-0¢ 0:10

5.00 7.1E-06 0:12

6.00 5.4E-06 0:15

7.00 4.4E-06 0:17

8.00 3.6E-06 c:20

9.00 3.1E-06 0:22

1¢.0 2.7E-~06 0:25

20.0 1.1E-06 0:50

40.0 4.4E-07 ’ 1:40

60.0 2.7E-07 2:29

80.0 1.9E-07 3:19

100 1.4E-07 4: 9
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EPIcode 4.1 S/N 12149 BATTELLE
SUBSTANCE I.D. : NICKEL Library-91
Molecular Weight : 58.7 gram/mole
CAS Number: [7440-02-0)

TWA : 0.100 mg/m~3

. AREA, CONTINUOQUS : 1.1E-03 gram/sec
HEIGHT-EFFECTIVE: 0 Meters
RADIUS OF SQURCE : 1.69 Meters

e AR AR A TE am e

DEPOSITION VELCCITY: 1.000 cm/second

STABILITY CLASS I
TERRAIN : STANDARD
RECEPTOR HEIGHT (z) : 0 Meters

{;QCATION OF MAXIMUM CONCENTRATION LEVEL
:Pistance : < 0.10km
Tevel : > 9.3E-04 mg/m~3

-1 DOWNWIND CONCENTRATION ' ARRIVAL TIME
¢3 Distance-km mg/m~3 hours:minutes
"Bhasa4484544444 484484555444 4458545885444

“™ 0.10 9.3E-04 0: 0

0.20 2.7E-04 0: 0

0.30 1.3E-04 0: 1

0.40 7.8E-05 0: 1

0.50 5.3E-05 0: 1

0.60 o 3.9E-05 0: 1

0.70 3.0E-05 0: 2

0.80 2.4E-05 0: 2

0.90 1.9E-05 0: 2

1.00 1.6E-05 : 2

2.00 5.3E-06 0: 5

3.00 2.8E-06 : 7

4.00 1.8E-06 0:10

5.00 1.3E-06 0:12

. 6.00 1.0E-06 0:15

7.00 8.2E-07 0:17

8.00 6.8E-07 0:20

9.00 5.8E-07 0:22

10.0 5.1E-07 0:25

20.0 2.0E-07 0:50

40.0 8.3E-08 1:40

60.0 5.0E-08 2:29

80.0 3.5E-08 3:19

100 2.7E-08 : 9
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EPIcode 4.1 S/N 12149 BATTELLE
SUBSTANCE I.D. : COPPER Library-91

Molecular Weight : 63.5 gram/mole
CAS Number: [7440-50-8)
TWA : .20 myg/m"3
AREA, CONTINUOUS : 6.0E-02 gram/sec
HEIGHT-EFFECTIVE: 0 Meters
RADIUS OF SOURCE : 1.69 Meters

SURFACE WIND SPEED :6.7 Meters/second
DEPOSITION VELOCITY: 1.000 cm/second

STABILITY CLASS : D
TERRAIN : STANDARD
RECEPTOR HEIGHT (z) : 0 Meters

JOCATION OF MAXIMUM CONCENTRATION LEVEL

‘Pistance : < 0.10km

‘Level : > 4.9E-02 mg/m"3

!~ DOWNWIND -—----- CONCENTRATION ARRIVAL TIME

1.

' Distance~km mg,/m*~3 hours:minutes
5h55555854444888 58455554545 4454544545444
0.10 0.049 0: 0O
0.20 0.014 0: O
0.30 0.00695 0: 1
0.40 0.0042 t 1
0.50 ¢c.0028 1
0.60 0.0020 : 1
0.70 0.0016 0: 2
0.80 0.0013 0: 2
0.90 0.0010 0: 2
1.00 8.6E-04 0: 2
2.00 2.8E-04 0: 5
3.00 1.5E-04 0: 7
4.00 9.8E-05 0:10
5.00 7.0E~Q5 0:12
6.00 5.4E-05 0:15
7.00 4.4E-05 0:17
8§.00 3.6E-05 0:20
9.00 3.1E-05 0:22
10.0 2.7E=05 0:25
20.0 1.1E-05 0:50
4¢.¢ SRR 4 ,4E-06 1:40
60.0 2.7E-06 2:29
80.0 1.9E-06 3:19%9
100 1.4E-06 4: 9
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EPIcode 4.1 S/N 12149 BATTELLE

SUBSTANCE I.D. :
Molecular Weight :
CAS Number:

TWA :
IDLH :

AREA,

[7440-47-3
0.50 mg/m"~3
500 mg/m"~3

CONTINUOQUS

HEIGHT-EFFECTIVE:

RADIUS OF SOURCE
SURFACE WIND SPEED

DEPOSITION VELOCITY:

]

CHROMIUM Library-91
52.0 gram/mole

: 3.8E-04 gram/sec

0 Meters
1.69 Meters

:6.7 Meters/second
1.000 cm/second

STABILITY CLASS D
TERRAIN STANDARD
RECEPTOR HEIGHT (z) 0 Meters
JDCATION OF MAXIMUM CONCENTRATION LEVEL
;ﬁlstance < 0.10km
Tevel @ > 3.2E-04 mg/m"3
. DOWNWIND CONCENTRATION
=, Distance-km mg/m~3
Mfééééééaaaaaéé“““""”" 4455555858588 -
E%n 0.10 3.2E-04
0.20 9.3E-05
0.30 4.5E-05
0.40 - 2.7E-05
0.50 1.8E-05
0.60 1.3E-05
0.70 1.0E-05
0.80 8.1E-06
0.90 6.6E-06
1.00 5.6E-06
2.00 1.8E-06
3.00 ST T - 9.7E-07 -
4.00 6.3E=-07
5.00 4.6E-07
6.00 3.5E~-07
7.00 2.8E-07
8.00 2.4E-07
9.00 2.0E-07
10.0 1.7E-07
2C.0C - 6.9E-08
40.0 2.9E-08
60.0 1.7E-08
80.0 1.2E-08
100 9.2E~09

ARRIVAL TIME

hours:minutes

4584545555534

8 4k 24 86 88 54 4% B3 B9 44w

PO~ RHEPRPRHROO

OO OODOO000O0O0O0CO
o

=
w

0:17
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EPIcode 4.1 S/N 12149 BATTELLE
SUBSTANCE I.D. : SILVER Library-91
Molecular Weight : 107.9 gram/mole
" CAS Number: [7440-22-4)

TWA : 0.0100 mg/m~3

AREA, CONTINUOUS : 2.3E-04 gram/sec
HEIGHT-EFFECTIVE: 0 Meters

RADIUS OF SOURCE : 1.69 Meters
SURFACE WIND SPEED :6.7 Meters/second
DEPOSITION VELOCITY: 1.000 cm/second
STABILITY CLASS : D

TERRAIN : STANDARD

RECEPTOR HEIGHT (z) : 0 Meters

THCATION OF MAXIMUM CONCENTRATION LEVEL
Pistance : < 0.10km
Tegvel : > 1.9E-04 mg/m"3

= DOWNWIND CONCENTRATION ARRIVAL TIME

;Distance-km mg/m~3 hours:minutes

rA%A488858448584443 4833484344444 4444484458448454448
S 0.10 1.9E-04 0: 0
0.20 5.5E=-05 0: 0
0.30 2.7E-05 0: 1
0.40 1.6E-05 0: 1
G.50- I 1.1E-05 0: 1
0.60 7.9E-06 0: 1
0.70 6.1E-06 0: 2
0.80 4.8E-06 0: 2
0.90 4.0E~06 0: 2
1.00 . 3.3E~06 0: 2
2.00 1.1E-06 0: 5
. -3.00 ____B5.8E~-07 _.. .0 7
4.00 3.8E-07 0:10
5.00 2.7E-07 0:12
6.00 2.1E-07 0:15
7.00 1.7E-07 0:17
8.00 1.4E-07 0:20
9.00 1.2E-07 0:22
10.0 1.0E=-07 0:25
20.0 4,1E-08 0:50
40.0 1.7E-08 1:40
60.0 1.0E-08 2:29
80.0 7.2E-09 3:19
100 5.5E=~09 4: 9
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APPENDIX C

MODIFIED ENVIRONMENTAL PROTECTION AGENCY SOILS WASHING SYSTEM
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WHC-SD-EN-SAD-005, REV. 2

The oversize (2- to 0.425-mm or 0.210-mm) material from the secondary
screen will exit the system as clean material. The undersize (-0.425- or

- =0.210-mm)- material will leave the screen as & slurry. - This slurry-will be

stored-in fractionation (frac) tanks and treated after the test is completed.

" The anticipated treatment wili-consist-of filtering the fines out and contain-
~ing.them in low specific activity boxes and then transporting the water to the

SE e

---ptirge water tanks- for-evaporation. --More detail about the low specific

activity containers is given in Attachment A, Chapter 4, Water Treatment And
Resjdual Handling.

An operating and maintenance manual for the trommel trailer will provide
the required procedures for setup, startup, operation, shutdown, teardown, and
maintenance. This manual came with the equipment when transferred to DOE,
Richland Operations (RL) from the EPA Risk Reduction Engineering Laboratory.

The system will be set up initially using some baseline operating

parameters. These parameters may be altered during operation and the changes
will be detailed in the final report. The baseline operating parameters are
as follows:

Primary Screen:

Retention Time

Initial Rinse: (15)
Pressure
Flowrate (total)

Final Rinse: (9)

Dwaeerinma
TfITaauli ©

Flowrate (total)

Size-Test #1

Size-Test #1

Slope

Soil Flowrate

Underflow Percent Solids
-Test #1
-Test #2

Area 0.75 by 2.4 m (2.5 by 8 ft)

Size 25.4 mm (1.0 in.)
Sicpe 0.0 deg

- Soil Flowrate 8.2 dmt/hr (9.0 dst/hr)
Nozzle Pressure 2.8 kg/cm® (40 1b/in®)
Nozzle Flowrate (total) 38 L/min (10 gal/min)
Underfiow percent solids 1.2% solids by weight
Trommel :

Size 1.37-m dia. by 6.4 m (4.5 by 21 ft)
Speed - 2.5 rpm
Angle 3.0 deg
Screen Size 2.0 mm (0.08 in.)
Soil Flowrate 3.6 mt/hr (4.0 st/hr)
Underflow Percent Solids 10.2% solids by weight

21 min.

4.2 kg/cm? (60 1b/in?)
600 L/min (160 gal/min)

- 2.8 b frme AR Th/in2)
- RY/ Gl \'I‘U W an )

/
- 265 L/min (70 gal/min)

0.56 by 2.1 m (1.8 by 7 ft)
.425 mm (0.02 in.)

.210 mm (0.0l in.)

.0 deg

.1 mt/hr (2.3 st/hr}

NOOO

.8% solids by weight
.4% solids by weight

— N
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-~ - - Figure C-1. - Envirenmental Protection Agency Modified-Soil Washing System.

Fresh Water Feed

Fresh Water

0.425 mm or 0.210 mm
Vibrating Screen
[ e - ]
Slutry Pump ( -0.425 mmor

2 mm - 0.425 mm
2mm-0.210 mm

- Ciean
Y
Slurry 1" -2 mm
* Pump
- Treatment Frac
Tank
LSA Boxes
Contaminated

Sludge
-0.425 mmor - 0.210 mm

H$30400€.5b
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] Figure C-2. Modified Environmental Protection Agency
Soil washmg System - Baseline Material Balance (per Hour of Operation).

Fresh Water Feed
0] 0 I 8.2 | 90 Legend
2.3 10 0.9 | 3.9 DMT/HR Percent
- * e 05| 95 Solids —~f— | —— Solids
0.03{ 0.1 | —]
Hgo Sprays 1" Vibrating . . MTHR — ~ Total
Screan +6 Water s gpm

Flow Stream

N gk

38|85 0.9 | 38

Fresh Water

o 2.1 [10.2
o CJ_‘ 1 / -0.425 mm or 0.210mm 18.2|78.9

161 80 r Vibrating Screen Y
Slurry Pump 0.4 | 1.7

1.9 | 80
0.5 | 2.0

2 mm - 0.425 mm
2 mm - 0,210 mm

H20 Treatment —

17.7 MT (4610 gal) _'r"“i
an

A LSA Boxes
- - - - Contaminated

Siudge 0.5 MT (85% solids)
-0.425 mm or - 8.210 mm

HO304006.5a
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APPENDIX D

WATER TREATMENT SYSTEM
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INFLUENT

CHEMIC AL FEED
TANKS AND PUMFS

@ FLasH MIX TA

. 1 |

SEQUENCE OF OPERATION |

The influent purr:ap' {not shown) delivers com-
miniuied wastewater |at flash-mix tank (2} where the
apprupriate coagulant is added. Chemical feed tanks
and pumps (1) provide storage and administer the
proper amount of chemicals for coaguiation, pH ad-
justment and chiorine addition. Floc formation is
accomplished ir'} flocculation tank (3), thus assuring
maxirnum solids separation in clarifier (4).

The clarified effluent passes upward through two
activated carbon colymns (5) for removal of organic
material while the settied studge is drawn off of the
bottom of the ‘clarifier and thraugh sludge pump
(14}, Passing through surge tank (8) and filter pump
(12), final polishing is accompiished at pressure fil-
ter (7). The clear liquid is disinfected at Chlorine
Contact tank (8) and is now suitable for disposal of,
in many instances, re-use. Flbw totalizer (i16) regis-

‘ o SLUDGE PUMP /
| S : TO WASTE -

F ]

f) FLOCCULATION TANK

/D AIR BLOWER

j

&) CLARIFIER

O/éuasé TANK

. -

ters the total plant through-put. Carbon make-up

tank (9) and transfer pump (10) are utilized for re-
plenishing the activated carbon supply as required.
Air biower (11) provides air for the equaiizing tank
and for the carbon columns, Pump (13) is provided.
tor periodic backwashing of the pressure filter, Eiec-’
trical controls: are grauped on controt panel (15).

An equalizing tank is required for handling peak
flows, permitting operation of the plant at a constant
rate. This [tank, a comminutor and sludge handling
equipment are normally furnished by the customer
but are optional items aiso avaitable from MET-PRC.

Hote: Hiustrations and ten‘rzf:r" to the Series 12000 IPC Systems. Other designs also available fram MET-PRO.

1

|

H i 1 1
i :

| i : ! ‘ |

' |

@ FILTER PUMP

/

|
_PRESSURE FILTER

) BACKWASH PUMP

WHC-SD-EN-SAD-005, REV. 2

CARBON COLUMNS

CARBON MAKE-UP TANK

) CARBON TR.lANSFEH FUMP

L FLOW TOTALIZER

EFFLUENT

\0 CHLORINE

CONTACT TANK

| ) CONTROL PANEL
| '
|
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Clarifier

Acid Mix

Upflow Adsorber

" Downflow Adsorber
Pressure Filter
Surge

Chlorine Contact
Chemical Feed

Lime Slurry

WHC-SD-EN-SAD-005, REV. 2

TANKAGE

T T Mimengians

b e Bl d A e = -

(Diameter) (Height)
Inches Inches
20 48
48x48 Sqg. 57
120 96
22 36
48 13
-48 96
38 60
36 96
60 96
24 48
48 48

ﬁggg;e Residence Time
(Gal.) (Min.)
€3 1.86
570 16.2
4,710 135
2.16

360

Note: This is not the operating volume, so residencé times shown

will be lower.

TI; 4.95 GPM/sguare foot surface.

(2) Usually 1-1/2 days storage.

D-3



WHC-SD-EN-SAD-005, REV. 2

This page intentionally left blank.

D-4



' WHC-SD-EN-SAD-005, REV. 2
MET -0 24 )5 ~CHEW] T > RV 2
TREATLENT™ FLOWSHEET

BACKUIASH SOLIDS

o LHEMICAL

(:bf,ff;,,-”,p L Povaee DesDs

’ (;)fﬁﬁz%3?°vz; ; | SuRGE

| TANE
RACT TANK CAASLUANT : SQULS g
' oy || A | 70 D/SPOSHL
Y 1 ‘

RAPIO 3 1 \

MIX THIK ,5 i 5 ; | —1 ~

| | | FLTER
(LA ERE SURGE
- X TANK

—
v
L
14 I |
Y

g
X
1

SOL/OS D Y . . @
7O DISPOSHL & . e
| MOYND $ U <
XIDEE ‘ i
FoniF D
| WA FE L ‘ |
METER o | b
TRERTED o N 1 EFFLUENT ] DOWNFLD L oW
EFFALUVENT '  SBUREES CAR BON . CARBON

| - TAN & ADSORBER ADSORBEE

;;yéi;AZ#ﬁ___ﬁqﬁ - el | | oL UMN x oo
. by Ca o d -t

4/28/73 | (o L @ d ‘ g

cBUI LT C 1 | | X
A;/zie;?i : | | % .
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300 AREA SOIL WASHING REBULT'S

eal

R TALEIE RO,

I

MINUS 0.425mm SLURRY WATER (UNFILTEHED) MINUS 0.425mm SLURFY SOLS
! JUNE 1993 PROCESSING ! JUNE 1993 PROCESSING' _

PBo7C75 BO7C¥6  BOTCT? 807C8S BOIC79 BO7CED  BOTCHMH RO7COY B07CY92 BOTC923 Bo7Ca95 BOrCo6  BOFCOST  BOTCBY
water wille waler wales waler walar walet soll soll soll soll scil soll soll
mgiL. mpi. mpl. mgiL mo/L mgh imgiL mgfhy mo'kg mofkg mgikg mo/kg mp/kg mokg

Ag 0.05 1 0.53 0.98 0.64 03 .18 21 1.5 1 it 122 15 L 28 1.9
Al 37 IIBS'»O 550 770 1000 400 250 7600 7000 100 B9800 ' lOOQO 9900 €900
As 0003 L 0.024 0.028 0.026 0.023 0.022 0.011 .3 1.2 1.2 - ‘2 ' 11 1.7 1
Ba 2.1 67 43 60 120 68 27 220 200 180 ‘310 380 390 300
Be 00013 L 0.019 0.011 0.018 0.018 0.0082 0.0042 024 L 023 L 0.18 L oy L 0.:?2 L 02 L p.21
Ca 19 400 170 400 aso 170 100 9300 4000 3IBOD 5100 50150 5400 4100
Cd 0 U 00N 0 U 0.0091 ou au au ou oW o U oy o U ou 0
Co 0.0071 L  0.095 0.14 0.032 0.27 013 0.068 X 4.6 4.9 € v 5.3 5
Ct 0.38 59;2 58 8.6 45 46 2.6 34 30 28 . 45 A4 53 40
Cu is Mo 50 98 &0 29 25 320 240 150 420 420 500 260
Fe 13 230 160 220 2710 130 63 120040 13000 15000 15000 14000 15000 14000
g 0.0045 013 0.078 0.14 0.12 0.026 0.045 03 L 02 L 035 L. .49 03 L g.48 0.54
e 35 3 24 33 37 18 8.2 670 750 730 - B00 B10 T8990 650
Mg 10 190 120 170 210 100 1) 3100 3100 3300 9800 3rnpo 3700 3200
Mn 027 5.3 a7 4.9 6 28 1.6 160 180 200 220 180 S 180 170
Na 31 :1 20 110 120 170 QB €6 640 650 650 T10 Ba0 BO0 620
o NI 0.32 1] b p.6 5.3 27 2 34 27 2 40 30 47 29
J“ 14} 0.093 26 14 21 2.1 0.88 055 13 13 " 18 15 24 17
sh oy ;0 ou 0 ou ov 0 ov ou 4 L ou ou 45 L ou
Sn 0.061 L R 0.68 0.89 1.3 Q.57 0.98 ou B L ou ou 61 L ou ou
v 0.0089 L 0.38 0.22 0.36 ¢4 Q.19 0.097 37 38 48 &1 42 45 39
n on 2.6 1.7 2.4 3 15 0.89 a5 36 ar 44 42 44 39
piCIL pCiL pCUL pClL pCUL pCVL pCiL pClig  pClig pClig pCilg pCig pClilg pClig
Co-60 -258 2.19 11.9 0877 -3.78 14.6 -3.72 -0.000 -0.013 -0.008 ~0.006 0.0050 0.0073 0.0077
Ce-137 1.32 0.0867 9.56 5.47 4.86 71.43 251 0.152 0.118 0.138 074 0.279 0.303 0.224
Pb-212 0.696 0.604 0.834 B.628 0.724 0.821 0.817
Fb-214 0511 0.403 D556 0.424 0518 0.478 0.619
Ra-224 0.608 0616 0.85 084 0.7 0.832 0.55
Na-226 0.461 D.459 0534 D.448 0.456 0.509 0.929
Au- 106 233 47.9 -67 -20.6 -75.7 BO.8 -28.4 0.0369 0.209 ©.0928 0.0307 -0.142 0.446 0.0867
5b-125] -12.2 ~3.67 42.3 -2.11 21.7 -38.7 30.2 0.0251 0.00G2 0.0726 0.0429 0.0428 -0.070 -0.073
) upil, ugll upllL ug/L ug/l ugit ugiL pClig pClig pClg pClg pClig pClig pClig
[U-N-al 10200 24800 50000 30600 93700 38500 23400 217 214 158 173 358 955 827

2 "A3Y “S00-QvVS-N3I-0S-IHM
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MATERIAL SAFETY DATA SHEET

Calgon Corporation
P.Q. Box 1346 SUBSIDIARY OF MERCX & GO, INC.

24 Hour Emergency Telephone—{412)777-8000 -

Section™l. PRODUCT TIDENTIFICATION

PRODUCT NAME: Cat-Floc L -

CHEMICAL DESCRIFTION: Aqueous solution of cationic polymer
PRODUCT CLASS:  Water eatment
MSDS CODE: G170-10-22-91 -

Section 2. HAZARDOUS INGREDIENTS AND EXPOSURE LIMITS

CAS % ‘
Name Number . We]i’yght QsHA PEL ACGIH TEV

*No ingredients listed in this sectdon®

HAZARD COMMUNICATION STATUS: This product is not considered to be hazardous according to the
criteria of the rederal OSHA Hazard Comumunicatior Standard 29-CFR 1910.1200,

Section 3. HAZARDS IDENTIFICATION

khkRwkkk Rk kkrtrkwrrx EMERGENCY OVERVIEW kR AT ARk RERTETR

This product poses little or no immediate hazard.

P 2 X2 I XTI LSS LLSTL SRS L L 2L L XL YT s R e LY ]
FRIMARY ROUTES OF ENIRY: Norne
TARGET ORGANS: None

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: Unknown

MSDS Code: 0170-10-22-91 Page 1
Issue Datre: 1/25/93 , Continued on Page 2
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MATERIAL SAFETY DATA SHEET

POTENTIAL HEALTH EFFECTS:
. ___EYE CONTACT: __This product would not be expected to produce imitation upon contact with the eye.

SKIN CONTACT: The product is not expected to cause siin irritation upon contact. Data indicate

that this product will not produce an allergic skin reaction or be absorbed through
the skin in harmful amounts.

INGESTION: This product would be expected to be practically non-toxic by ingestion.
INHALATION: This product is ot expected to present an inhalation hazard. -

L SUBCHIRONIC, CHRONIC :
T —in a subdhronic texicity study Giifg Tats; the actve ingredient of this produet Was administered srally
at doses of 5, 50, and 500 mg/kg. Animals in the 50 mg/kg group showed decreased weight gain,
decreased focd consumption and ingeased sleeping time. Animals in the 500 mg/kg group showed
-weight guin, decreased food consumption, and alterations in red bicod celis and blood
proteins. Animais in the 5 mg/kg group showed no effects. Twelve-month feeding studies using rars
and dogs given 2 and 200 ppm active ingredient in drinking water showed no significant adverse
effects. :

A similar product has been shown not to be mutagenic by the Ames assay. A teratology study in
rabbits and a two-generation reproduction study in rats showed this product did not produce birth
defects or affect reproguction. _

CARCINOGENICITY:
NI
*No ingredients listed in this section”
IARC:
*No ingredients listed in this section®
OSHA:
*No ingredients listed in this secdon®

Section 4. FIRST AID MEASURES

EYE CONTACT: Not expected to require first aid measures.
SKIN CONTACT: Not expected to reguire first aid measures.
INGESTION: Not an expected route of overexposure.

INHALATION: Not an expect=d Toute of overexposure.

Section 5. FIRE-FIGHTING MEASURES

FLASH POINT: > 200°F This product is not lammabie or combustibie.
LOWER FLAMMABLE LIMIZ: Not available UPPER FLAMMABLE LIMIT: Not available

AUTO-IGNITION TEMPERATURE: Not available

MEDS Cede: 0170-10-22-91 Page 2
Issue Date: 1/25/93 Continued on Page 3
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MATERIAL SAFETY DATA SHEET

EXTINGUISHING MEDIA: Use extinguishing media appropriate for the surrounding fire.

FIRE-FIGHTING NSIRUCHONS Exercise caution when fighting any chemical fire. A self~contained
—~ " “breathing wppatatus and protective clothing sre essential.

FIRE & EPLOSION HAZARDS:  Product emits toxic gases under fire conditions.

DECOMPOSITION PRODUCTS: -Carbon monoxide; carbon dioxide, hydrogen chioride, armmonia, oxides of
Ritrogen.
NFPA RATINGS: Health = 0 Flammability = 0 Reactivity = 0 Special Hazard = None

Hazard rating scale: O= Mintmal 1= Slight 2= Moderate 3= Seticus 4~ Severe

- Section 6. ACCIDENTAL RELEASE MEASURES

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED: Wea.nngavpropmbepesam]pmtecnve
© —— —— -——equipment, contain-spill; collect onto-inent-absorbent and place intw suitable container. Hose spill area
well since product can make fSoors slippery.

Section 7. HANDLING AND STORAGE -

HANDLING: As part of good industrial and personal hygiene and safety procedure, avoid all unnecessary
exposure to the product and ensure prompt removal from eyes, skin and dothing.
Wash thoroughly after handling.
Keep container closed when not in use.

STORAGEZ:  Product must be maintained at 38°F or higher. Protect from low temperatures.

Section 8. EXPOSURE CONTROLS / PERSONAL PROTECTION

s m- e - PEREOMAL PROTECTIVE EQUIPMENT:
EYEFACE PROTECTION: Chemical splash goggles recommended as a good industrial hygiene pnchc:.
SKIN PROTECTION: No spedal reguirement.
RESFIRATORY PROTECTION: None resuired.

ENGINEERING CONTROLS: No specific recommendations.

Section 9. PHYSICAL AND CHEMICAL PROPERTIES

BOLING POINT: > 212°F (> 10°Q) SOLUBILITY IN WATER: Compiete

VAPOR PR.ESSURE. Similar tp water SPECIFIC GRAVITY: 1.02 - 1.4

VAPOR DENSITY (airw 1}: Similar to water pH: 6.0 - 8.0

MSDS Code: 0170-10-22-91 Page 3

issue Date: 1/25/93 Continued on Page 4
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WHC-SD-EN-SAD-005, REV. 2

MATERIAL SAFETY DATA SHEET

% VOLATILE BY WEIGHT: - & FREEZING POINT: Not available
AFPEARANCE AND ODOR: Viscous, clear, coloriess to pale yellow liquid

Section 10. STABILITY AND REACIIVITY ' ]

e—

CHEMICAL STABLLITY: Stable HAZARDOUS POLYMERIZATION: Will not ocowr
CONDITIONS TO AVOID:  No spedific information.
INCOMPATIBILITY: Smong adds and bases, carben steel, copper

DECOMPOSITION PRODUCTS: Carbon monoxide, carbon dioxide, hyd.rogm chicride, ammonia, oxides of
nitrogen.

Section 11. TOXICOLOGICAL INFORMATION

ON FRODUCT:

T LY - %

Oral LD50 (ratk 14.6 BRE

Dezmal LD50 (rabbitx: > 20 g/kg (testing on a 40% soluuon of the polyme:)

Eye irritation: A 40% sciution of the polymer when instilled in rabbit eyes did not produce any ocular
irritation during the 7-day observation period with the exception of one test eye in the no wash group at 24
hours which showed slight conjunctival effects.

Skin imitaion: The primary skin irritation index (rabbits) for 40% solution of the po}ymu was found to be
1.0/8. Skin sensitization: Human patch testing on a higher molecular weight version of the polymer has
shown that it is not a skin sensitizer,

ON INGREDIENTE:

Oral LDy Demmal LDg, Inhalation LCsp

o Chemica} Name ' _(ray "~ _(rabbit) ~ —fran

*No ingredients listed in this section®

Section 12. ECOLOGICAL INFORMATION

ON FRODUCT:
See information on polymer beiow.

ON INGREDIENTS:

Chemical Name Aquatic Toxicity Datz
Poly(dimethyidiallylarmanium chloride)}40% % hr LCS0 (biuegill sunfish): 0.8 - 1.3 ppm
solution 9% hr LCS0 (rainbow trout): (.37 pom

48 hr LC50 (Daphnia magna): 0.2 pom (in dear
water)

48 hr LCS0 (Daphrua magna): 1.2 - 2.5 pom (@n 30

PPm clay suspension)

48 hr LCS0 (Dauhma magna): 24.8 pom (in 1000

ppm day suspension)

Note a substantial reduction in tongcity is observed
"""""""""" under turbid condisiens.

) MSDS Code: 0170-10-22-91 Page 4
Issue Date: 1/25/93 Continued on Page 5
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T . T 77 MATERIAL SAFETY DATA SHEE

Section 13. DISPOSAL CONSIDERATIONS

RCRA STATUS: Discarded product, as sold, would not be considerad 2 RCRA Hazardous Waste.

DISPOSAL:
Section 14. TRANSPORT INFORMATION

Dispose of in accordance with Jocal, state and federal regulations.

DOT CLASSIFICATION: -
Hazard Qass: Not resticted
Proper Shipping Name:  Not applicable
ID Number: Not applicable
Label: Nome '

Section 15. REGULATORY INFORMATION

QOSHA Hazrard Communication Status: Nonhazardous
TSCA: The ingredients of this product are listed on the Toxic Substances Control Act (TSCA) Chemical

- Substances Inventory.
CERCLA reportable quantity of EPA hazardous substances in preduck

Ghegtical RQ
*No ingredients listed in this sechon”

Product RQ: Not applicable {(Notify EPA of product spills exceeding this amount.)

SARA TITLE I
Section 302 Extremeiy Hazardous Substances:
Chemical Name CAS s RO IO
*No ingredients jisted in this section”
Section 311 and 312 Health and Physical FHazards:
Immediate Delayed Fire Pressure . Reactivity
[ro) [no] [nol - {no] ino}
. Section 313 Toxic Chemicals:
Chemical Name GAS ¢ by Weight
"No ingredients listed in this section®
T T 7 MSDS Code: 0170-10-22-91 B Page 5
Continued on Page 6

lssue Date: 1/25/93
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e "MATERIAL SAFETY DATA SHEET

Section 16. OTHER INFORMATION

HMIS RATINGS: Health = 0 Flammability = 0 - Reactivity = 0
Personal Protective Equipment = A

Hazard raiing scale: 0= Minimal 1= Slight 2mModerate 3= Serious 4= Severe

MSDS REVISION SUMMARY:
This MSDS has been revised in Section 9.

While this information and recoomencations sel forth herein sre believed To be acturats as af the dlu hersof, CALGON
CORPORATION MAKES NO HA.IWTT WITE RESPECT HERETO AMD DISCLAIMS ALL LIAIH.ITT FROW RELIANCE THEREON

PREPARED BY: P.]. Maloney/].P. Myezs

MSDS Code: 0170-10-22-91 Page 6
Issue Date: 1/25/02 las: Page

ik B o Y
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REPDRT NUMBER: €71 UAM UATERS & ROGCCRO INC, PROE: 0O1
MSDS NO: PlO%P&VS MATERIAL SAFETY DATA SHEET
EFFECTIVE DATE: 03/708/93 . VERSIDN: 001

PRODUCT: FERRIC CHLORIDE SOLUTION

PROD NO
VAN WAGTERS & ROGERS INC. , SUBSIDIARY OF UNIVAR (2046)88%-3400
6100 CARILLON POINT , KIRKLAND , WA ?8033

_______________ o - FMERGENEY ASLISTANDCE —cmmc oo o e e e e e e o

TOR EMERGENCY ABSISTANCE INVOLVING CHEMICALE CALL - CHEMTREC
(BO0)YA24~-5300

--------------------- FOR PRODUCT AND SALES INFORMATION ——mmmmeecmcemmm—e o

CONTACT YDOUR L.OCAL VAN WATERS & ROGERS BRANCH OFFICE aT
VH&R KENT : 206-8/7£L-3000 KENT . WA

2o v 7 o e v 9P W T 9 9 T T ¥ ok i she she e vie i vk e g 3 e v v v e v ol ol e vl vie e Vs i v vl vl vl i o e oy i s e T e e vie e o v sk U gt ke ke i ok ale o o o o e ok o ol ok she e oy

PRODUCT IDENTIFICATION
e e s e ok Y- i v 5 ok ok sk e e e ok i v o el g e i i ok sl o ol e e e o ek e e e o i et ke vk ko e ok e ek ook ke ook e ok

PRODUCT NAME: FERRIC CHLORIDE SOLUTION
MSDS #*: F1O094US
gATE ISBUED: 11/701/%71

ISSUED BY: 003856

whe gie o e i olr i v vl ol r gt v # e e e v o e vk T v ol oy gin S P o i o o e vie ol gy v v o e o e e e e e vy dhr e A Jhe e ke e e ale sl e o o sl e e e o ol gl ol gic o ol e o e ok

MANUFACTURER 'S MSDS
e e e o 7 ok o e o sy e e ke sk i oo o o o ok ke e e e e o ok sk ok W ek ok ok o e e o s ok ol ok e o ok e ok ok e e ot

EMERGENCY TELEPHDONE
(313) S71-1100

Ferric Chloride Selution

e e e o W i e s o i sk ohe T e ol s e s s ol ke ol e o e 7 e g o e oo i e i o e e vl e o e 4 o e i e St e e whe v o e ko A e ol ok e W e o ok e e e g o
PRODUCT INFORMATION:
e e o ol e o e oo ke A e o ok ke e P e she o e b ol o e o e e Sl ale vl ok vk e A e v v v i v oo ok vl e ol e 2 ok o e e vl e v e b ol ke e e e v e

Produgt Name Ferric Chloride Selution
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‘REPURYT NUMBER: 97t-—— -——- UAN WATERS & RMAFRE INC. PABE: 002
MSDS NDO: PLOP4VS MATERIAL SAFETY DATA SHEET
EFFECTIVE DATE: 03/08/93 VERSION: 001
PRODUCT: FERRIC CHLORIDE SOLUTION
ORDER MO

e PROD NO
Chemical Name and Synsnvme ' Iron Chloride Solution
Chemical Family and Farmula - frorganic Balt Solutdon, FeCl3
CAS Registiry Number 770%-08-0
DOT Proper 8Shipping Name Ferrir Chloride Qelytion
DOT Hazard Class uand TD Numb-r Corrozive Materiml, UN 2582
US Clean Water Act Repoarizble Quantity RG = 1000 1ibs. (4354 kg)

C ERAA AR R R T ww AR R e S b LA A A derh v vt e ek e A A A A A A LA A e ekt e e T e o

HAZARDOUE INGREDIENTS: _
e e vk s oy o e o 7 ok ok o ol e oy A e e ok o ool ol v ol e g e ok i o ol ol ok vl e sk v ke ok ok ol ol ool e e ok ok s e g e gk Tk e e e e e

e Exiposura

4 by Wt. Limits 08HA Clawsification

Ferric Chisride 37-45 Not established Irritant
Hydrochloric acid [ ' Carrocive
Farrous Chloride « .5 Irritant

e e e i e e o ke ok ok e oy ok o e e o e e o o e ol o ook ke e e s ol o e i e o o o o e e vl ol e ok e e v vl ek v el iy e A e e ook b e sk e e e v o
FORZONAL PROTECTION AND EXPOSURE CONTROL:
¢ iz e e sk e e e vhe ke e e o e i o e e e o e e ol e e e ke ke ok v vl vk ol e v e s g e de e e v v A e sk ke e el ol e 9 ool o ok sk ok ok e e e e e ek

Ventilemtion
Frevide good generszsl rogm ventilation te minimize exposurse toe vapors or mist.

Reapiratory
Use NIOSH/MSHA geproves, full face respirator as speroprizte. Consult
raspirater manufacturer to delermine zppropriate squipment,

Ey= Protecticn
Wear gplashproof chemical sofety gugples, Evewssh fountains recommended in
sll storage and handliing 3reas. e net uear contact lenses.

Skin Protection

Wenar impervicus rubber gloves and protective clothing 1o minimize skin
contact, Fuyil-face shield and rubber footwesr, acid-resigtant hood and
full-body suit recommensed as appropriste, Safeiy shower recommended in =211
storaee and hangling aress.

e s e i e v r e e she e o ke e v ¥ Pk 3 ok T sl ol e o e e o 7 e o ok ool e ol v o ok oo o ol ol e i e 7 T sk ole i e gy e o e T ok ok e ke ek ok o ke ok ey e o
HEQLTH HALARD INFORMATLON:

-DANGER — ZORROSIVE, MAY CAUSE SEVERE QURNE TO ZYES eND SKIN IRRITATION.

D-15
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REPORT NUMBER: 971 VAN WATERS & ROGFRS TNE. PABE: 003
MSDS NO: PL096VS MATERIAL SAFETY DATA SHEET
EFFECTIVE DATE: 03/08/93 . VERSION: 001

PROOULT: FERRIC CHLORIDE SOLUTION

ORDER NG:
FROD NO

klush immedietely with water for 2t Jle’st 15 minutes, Feorcibly hold evelids
. _..__mapart to0 ensure cowmnplets irrigatien of ovo/lid tigmue. OCet _immedists meadical

attention,

Skin

Flush immedistely with water for at lezst 15 minutes while removing
contaminated clothing., Get immediate medical attention. UWash clething before
TOUE®,

Ingestion
Drink copious amounts of water, o not induce wvomwmiliuyg, Del immediste

moedice]l attention,

Inhalotion .
Remove to fresh mir, It not bresthing, perform artificial respirmtion. Get

medical attention,

EffTects of Dverexposurse

- - Sonteset with ldquis,-wmisd, o7 vapor Can TsusSe immedists irritation or
corromsive burng 1o all human {Limwuw. Severity of the burn is generally
determined by the concentreticn of the solutioenm znd duration of exposure.
Contact with evyes may cause irritation and tearing and eve tisgue
discoloretion, sud wmey result in permanent visuml loss unless removed quickly
by thoreugh irrigstien with water. ZInhalation of zoncentrated vaper or mist
may cause irritztien of respiratery tract. Ingestion may cause liver and
kidney deweuw, aud may be Tatal.

Toxicity
Orel LOBO (Rat): P00 mg kg

e ¥ e e v vk ok e s sl ol ol e o Ve e o v e e e sk ook dhedke ol ol e Ve e e v e e e skl e e e e dedr e s e Aok sk e e e e s e Ak e e A ekl s e ek ke e
FHYSLLAL BATA:
e e e e A ook ke ole ok e o e o e e e ok ke sk sle s e ol e ol 28 ol e e s e i ok ke ok v ole v e ol ¥ 2 e e s ol vl Ve o v ok e ke v e sk e e e e dhe Ve o e e e ok v e b

Appesrance and Odor Reddish brown liguid, slight odor of iron/acid.
Selubility in Water Complete

VapsT Pressure Negpligible

S8pwcific OGravity (H20= 1) 40% soluticn = 1.232 @ 17.5 Oeq. C

Evaperation Rate
(Bubyl Auwlale = 1) 11

Boiling Point 11¢ Peg, C, 230 Dea. ¥

Melting Point, Deg. C

D-16
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L}
- REPORT NUMBER: 971 - VAN WATERS & ROGERS INC. PACC: 004
MSDS ND: PLOPSVS MATERIAL SAFETY DATA SHEET
EFFECTIVE DATE: 0O3/0B/93 . VERSION: 001
PRODUCT: FERRIC CHLORIDE SOLUTION
e e ORDER NO:
PROD NO
(approx.) ~-50 Uey.

e ol e iy i i e e e i i e e ok kel o o i vl ok ok e ol sk e ke v ok o ol v o v i e ok v s o o e ke o ok sk o ok sk e o o Ak e
HANDLING AND STORAGE PRECAUTIONS:

Ve v v e sbe e oy gl vy vt e T wir o v S e e ole wle e ke vie e el sl e iy vhr Vi ol vl Ve ol e ke iy W o vhr vle e vlr vle ke dedls WA A A A e o vhe sl pir T 3 7 Y gk ke v Vi Wir 4 9y e ol sl o o e e P o

Protect container from physical damage.
Do net mtrike contoinors or fittings Uath tools ur hard obiects.
Kesp container closed and dry.
"Btore awdy Trom nesi =2nd oxidizing voentis,
Wash thoreoughly afier handlina.
Emptied container msy retain vapor asnd preduct residue.

T R o o e ol e S5 P e e e e e S SRR A A A A A A iy e e e e e et g e e e v s s e ok e o e s e s gy s e s o s o e e o v e e ke b e
REACTIVITY BATA:
e e o sl s Yy e e 3 sk ol iy e e s e ke ol vk vy o o e i e o i v e e vy v ke e sk ol s e i e i i i e ok she e b e i i e i i ke T s o e v S ki ek

Conditions to Aveoid
‘Materizl is siable wien properly handled, Materisl is acidic and cnrroda&
mont metals, fvuid Lontagt with strong alkalis and cxidizers.

Hazardous Decomposition Products
Pecomrvsition/polymerization wili not eccur,

e e bz s e o o ole v e W vy e e 2 ol ke v sl e s ol ol i A b skl S g vie o vle s ol e iy 2k ol o kol e e e sl g ok F 7 o sk ol o ok ol e v e e S ok o ol ke e e e e ke
FIRE AND EXMLUSIUN HAZARDS:
*******ﬁ*********************u*i******+****&***********************t***ﬁ******

Flaush Point
Not flammable.

Fire Fighting and Fersonal Protection
esr s@lf-contzined bresthing apparatus snd Tull protective cloething as

sppropriate for surrounding fire, Cool exterior of storage tanks.

Extinguishing Media
Use water sprzy, Tog, foam, dry chemicals, C02 or tiher agents s« approprizte
Tor surrounding faire.

Unusuzl Explosgion Hszards
None,

— —- e ey ook oo sk s e s e e e ot de sk et e el el iy et e sl e Ak e A A R S A A R AL S E Rtk e e gk
SAnA/ I ITLE II1 HAZARD CATEBORIES AND LYSTS
e s o ek e e ok e s s e e A A oA e s o e sk e e ke ok b e b sk 2 7 ke e e i sk o sl ol i o ol e i e o vl o e e ok sk o e o sk i e A e s o ok

Freduct Hazard Categories _ists
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Fl

REPORT NUMBER: 971 UAN UATERES & ROGERS INC. PAGE : 005
MSOE NO: P1096US MATERIAL SAFETY DATA SHEET
EFFECTIVE DATE: 03708/93 . VERSION: 001

PRODUCT: FERRIC CHLORIDE SOLUTION

ORDCR NO;

PROD NO
Chronic Meanlth YES Extromely Huzwsrdous Substmnce NO
Acute Health YES CERCLA Hazasrdous Substance YES
Fire Hazard ND Toxie Chemicals ‘ YES

Proessure Hazard ND
Reactivity Hazard YES

'NPCA - HMIS RATINGS

Health 3
Flammability 0
Renctivity 0

Personal proieciion to be supplied by ueer depending upon use conditions.

CANADIAN WHMICS CLASSIFICATION
D-iB; E

KA AL A A A dvo iy vie vr vr vir v v 7o S Vi 0 e e ake e e vl e sie v W Ty 7y 7 o 7 o v v A e ol i ol ol oy o oy wie g A T 7% 90O 9 Yo v o sl i v gl e bt e o e e ot A e ke ol vl e olp ol e

S L EAN Y IARIMETLIY A OO TE M T MM
IV L RWITCIR IR I ML, T R Sl § L WY

whr v ook 7 Aok e v ok e v s oty vir v 9 e 7 A Yo vk vie e vk ke die s ol ole e vk vl dr 9 e e vie e s P e ok ole vl vy v e vl e g ol e vl shesk e ke e e e ol o v ot o oy o ke ok ol e ke e ke

Spill Cantrol

Utilize fTull protective clothing including boote, and proeltective equipment as
spprupr iate, Contsin spilll in grder to prevent contamination of water way:
neutralize with lime or sode ash. Flush with water in acesrdance with
applicable regulations to waste treatment system. Spilles ef 1,000 lbs., or
mure muet be reported to the National Kesponce Center (800} 424-85802.

Wagte DNisposal
Divspose of mpilied, neutralized, or waste product, contaminsted coil and other

contaminated materials in accordance with a3ll locel, state and federml
regulstions.

D-18
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_ REPORT NUMBER: 971 ... VAN UWATERS & ROGERS INC. PAGE: 004
tSUS NG PLIOPEVE - - o MATERIAL SAFETY UATA SHEET
EFFECTIVE DATE: 03/0B/s92 ’ VERSION: 001
PRODUCT: FERRIC CHLORIDE SOLUTION
CRDER NO:
PROD NO :
e —— b e e FOR ADDITIONAL INFORMATION meamcer e cceswe— e e e
CONTACT: MSDS CODRDINATOR VUW&R KENT
DURING BUSINESS HOURS, PACIFIC TIME (2046 }BB9-3400

O¥/2L/793 12:15 PRODUCT: . QUST NOi ORDER NGO

R ——— e mmmemmmmmmm e NOTICE —=——e e —————— e ————

wa UAN WATERES & ROGERS INC, ("UUAR") EXPRESSLY 0DIDCLAIME ALL EXPRESS OR

- — s o —_— . S s S 24 S o ——— o iy $hin S G - o T - - o e

WITH RESPECT 7O THE PRODUCT OR INFORMATION FPROVIDED HEREIN, ww

ALL 'INFORMATION APPEARING HEREIN IS BASESD UPON CATA DBTAINED FROM THE
FANUFACTURER AND/OR RECOGNIZED TECHNICAL SOURCES., WMILE THE INFORMATION IS
BELIEVED TO DT ACCURATE, VW&aR MAKES NO REFPRESENTATIONS AS TO ITS ACCURALY OR
EBUFFICIENCY. CONDITIDNS OF USE ARE BEYOND VW&RS CONTROL AND THEREFORE USERS
ARE RESPONSIBLE TO VERIFY THMIS 0GATA UNDER THEIR OWN QRERATING CONDITIONS TO
DETERMINLD WIICTHER THE PRODUCT 18 SUITABLE FOR THEIR PARTICULAR FURMUSES AND THE

. ASBUME ALL RISKS OF THEIR USE, HANDLING, AND DISPQSAL OF THE PRODUCT, OR FROM

THE PUBLICATION OR USE QF, OR RELIANCE UPON , INFORMATION CONTAINED HEREIN.
THIS INFORMATION RELATES ONLY TO THE PRODUCT DESIGNAT-U HEREIN, AND DOES NOT
RELATE 70 ITS USE IN COMBINATION WITH ANY OTHER MATERIAL DR IN ANY OTHER
PROCESS.

h x & END OF MSDES * Kk ok
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DON'T SAY IT --- Write It! DATE: 9-28-93 ]

TO: John Locklair H4-67 FROM: E. M. Miller #2791 R3-01
Telephone: 3/2-3832

[

- ---ge D. E--Friar R3-¢

-~ SUBJECT: WATER TREATMENT/SOIL WASH CRITICALITY ASSESSMENT

A CC:Mail message of 9/21/93 from John A. Locklair requested a criticality
assessment of the cleanup treatment that will remove solids from the water
stored in tanks that came from the 300 Area process trench soils treatment.
The solids in the water are to be settled out with a polymer and ferric

- chloride treatment. The solids in a slurry are then to be pumped into water
tight metal B-25 boxes. Based on a January 13, 1992, evaluation by Hans
Toffer, the uranium enrichment in the solids is estimated to be 0.988 wt%.

S ~--Using-seven water-samples,--the-average uranium.concentration is 0.04 g/L in
e the water and the largest sample concentration was 0.094 g/L. Using the
=™ __1.51E5 Titers of waste water to be treated and that the solids are to be put

into four B-25 boxes, a 1.44 Kg average uranium mass would be in each box.
The total volume of solids in the water are calculated to be 7,550 liters.

- The concentration and total mass of uranium in each box can be conservatively
taken as 1 g/L and 4 Kg in a box. The solids are characterized as a small
amount of contaminants attached to Hanford soil.

~Uranium enriched to less than 1 wt%, homogeneously mixed with water can not go
critical per Note 3 to Table 1-4, Section 1 of WHC-CM-4-29 and data in ARC-
600. The solids are to be pumped to the water tight metal boxes as a slurry.
Thus the soiids wiii have pienty of water. Even if the box contents dried
out, the water of hydration and intersticial water would remain. In addition,
the iron and chlorine used to settie out the solids would add to the neutron
absorption of the water. For a uranium concentration of less than 100 g/L,
ARC-600 Figure III.B.6-6 (attached) shows that for an enrichment less than 2.5
wt% over a 1000 Kg of uranium in water is required for criticality. This is
much larger than the 4 Kg estimated to be in a box. ARC-600 Figure

saturated Hanford soil. For plutonium concentrations less than 6 g/L at least
5.5 Kg of plutonium is required for criticality. For the boxes, the
concentration is less than 1 g/L, the enrichment is less than 1 wt%, not 97
wt%, and the total mass is at most 4 Kg. Although plutonium and uranium do
not act exactly alike, the margin between the calculated quantities required
for criticality and those in the boxes is so great that the boxes can be
judged to have an adequate margin of safety even if dried out. 1In all cases,
the mass of fissile material in a box is less than a critical mass by at least
a factor of 100.

Therefore, the water treatment proposed poses no possible risk of a
criticality accident.

54-3000-101 (12/92) GEFO%4 D-20
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APPENDIX E
PURGEWATER COLLECTION CRITERIA
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el e e

Table E-1. Purgewater Collection Criteria
(sheet 1 of 6)
Constiteunt Detn. Collection
Limit Criteria Units Basis'
1,1,1,2-tetrachlorethane 10.0 50.0 PPB? PQL
1,1,1-trichloromethane 5.0 2000.0 PPB MCL
1,1,2,2-tetrachloroethane 5.0 24000.0 PPB CFWTL
1,1,2-trichloromethane 5.0 2000.0 PPB McL®
1,1-dichloroethane 5.0 10.0 PPB PQL
1,1-dichloroethylene 10.0 70.0 PPB MCL
1,2,3,4-tetrachlorobenzene 10.0 500.0 PPB CFWTL
1,2,3,5-tetrachlorobenzene 10.0 500.0 PPB CFWTL
1,2,3-trichlorobenzene ~10.0 500.0 PPB CFWTL
1,2,3-trichloeropropane 10.0 50.0 PPB PQL
1,2,4,5-tetrachlorobenzene 10.0 100.0 PPB PQL
1,2,4-trichlorobenzene 10.0 100.0 PPB PQL
1,2-dibromo-3-chloropropane 10.0 50.0 PPB POL
,2-dibromoethane 10.0 50.0 PPB PQL
,2-dichlorobenzene 10.0 500.0 PPB CFWTL
,2-dichloroethane 5.0 50.0 PPB MCL
,2-dichloropropane 5.0 57000.0 PPB CFWTL
,3,5-trichiorobenzene’ 7 10.0 500.0 PPB CFWTL
,3-dichlorobenzene 10.0 500.0 PPB CFWTL
,3-dichloropropane 5.0 2440.0 PPB CFWTL
4-dichioro-2-butane 10.0 — 50.0 PPB POL
,4-naphthoguinone 10.0 100.0 PPB PQL
-napthylamine 10.0 100.0 PPB PQL
,3,4,6-tetrachorophencl 10.0 100.0 PPB PQL
,4,5-T 2.0 20.0 PPB PQL
,4,5-TP silvex 2.0 100.0 PPB MCL
,4,5-trichlorophenal 10.0 100.0 PPB PQL
Z,4,5-trichiorophenoi T 10.0 870070 PPB CFWTL
,4-0 2.0 1000.0 PPB MCL
,4-dichlorophenol 10.0 3650.0 PPB CCFHTL
,4-dimethylphenol 10.0 50.0 PPB PQL
,4-dinitrophenol 10.0 500.0 PPB PQL
,(4-dinitrotoluene -10.0 - 2300 - PPB CFWTL
,6-dichlorophenol 10.0 100.0 PPB PQL
,6-dinitrotoluene 10.0 2300.0 PPB CFWTL
2-Hexanone 50.0 500.0 PPB PQL
2-Methylnaphthalene 10.0 100.0 PPB PQL
2-acatylaminofluorene 10.0 100.0 PPB PQL
2-chloronaphthalene 10.0 100.90 PPB - PQL
Z-chioropnenol 10.0 20000.0 PPB CFWTL
2 naphthy]amlne 10.0 100.0 PPB PQL
picoline --—-  10.0- 5¢.0 PPB PQL
3 3 d1ch]orobenz1d1ne 10.0 200.0 PPB PQL
3,3'-dimethylbenzidine 10.0 100.0 PPB PQL

e e de e

Derived from WHC-CM-7-5.

E-1
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Table E-1. Purgewater Collection Criteria.
(sheet 2 of 6)

Constiteunt Detn. Collection
Limit Criteria Units Basis’
3- methylcho]anthrene 10.0 100.0 PPB PQL
------ §,6-dinitro-o=cresol and salts 130.0 500.0 PPB PQL
4-Nitroquinoline 1-oxide 10.0 100.0 PPB PQL
4-aminobypheny] 10.0 100.0 PPB PQL
4-bromophenyl phenyl ether 10.0 100.0 PPB PQL
5-nitro-o-toluidine 10.0 100.0 PPB PQL
7,12- d1methy1benz[a]anthracane 10.0 100.0 PPB PQL
I ,Acenanhthalenp 10.0 . 100.0. PPR POL
Acenapthene-- - - 10.0- 5200:0 PPB CFWTL
3 Acetone 10.0 1000.0 PPB PQL
o Acetonitrila 10.0 1000.0 PPB PQL
= Acetophenone 10.0 100.0 PPB PQL
Acrolein 10.0 210.0 PPB CFWTL
Acrylonitrile 10.0 25000.0 PPB CFWTL
Aldrin- - 1 .5 PPB PQL
Ally1 Chloride 100.0 100.0 PPB pQL®
Alpha,alpha-dimethylphenethyla 10.0 100.0 PPB PQL
ATpha-BHC .1 .5 PPB PQL
Aniline 10.0 100.0 PPB PQL
Anthracane 10.0 100.0 PPB PQL
- -Antimony, filttered - -100.0 16603.0 PPB CFWTL
Antimony-125 48.0 3000.0 pCi/L MCL
Aramite 10.0 100.0 PPB CFWTL
Arochlor 1016 1.0 1.0 PPB CEWTL?
Arochlor 1221 1.0 1.0 PPB CFWTL
Arochlor 1232 1.0 1.0 PPB CFNTL
Arochlor 1242 1.0 1.0 PPB CFWTL
Arochltor 1248 1.0 1.0 PPB CFWTL
Arochlor 1254 1.0 1.0 PPB CFWTL®
Arochlor 1260 1.0 1.0 PPB CFWTL®
Arsenic, filtered 5.0 480.0 PPB CFWTL
Barium, filtered 6.0 10000.0 PPB MCL
Benz[a]anthracane 10.0 100.0 PP8 PQL
Benzene 5.0 50.0 . PPB MCL
Benzo(ghi)perylene 10.0 100.0 PPB PQL
Benzo(k)fluoranthene 10.0 100.0 PPB - PQL
" BenZo(a)pyrene 10.0 190.0 PPB POL
Benzo(b)fluoranthene 10.0 100.0 PPB PQL
Benzyl Alcohol 10.0 200.0 PPB PQL
- Beryllium, filtered 5.0 53.0 PPB CFWTL
Beta-BHC .1 .5 PPB POL
Bis(l-chloro-1-methyl) ether 10.0 100.0 PPB PQL
Bis(2~-chloroethoxy) methane 10.0 100.0 PPB PQL
Bis{2-chloroethyl) ether 10.0 100.0 PPB PQL



Table E-1. Purgewater Collection Criteria.

(sheet 3 of 6)

E-3

Detn. Collection
Constituent Limit Criteria  Units Basis’
Bis(chloromethly) ether 5.0 100.0 PPB PQL
Bromodichloromethane 5.0 10.0 PPB PQL
Bromoform 5.0 20.0 PPB PQL
Cadmium, filtered 2.0 11.0 PP8
CFWTLCarbon disulfide 10.0 50.0 PPB PQL
---Larbon tetrachloride 5.0 50.0 PPB MCL
Carbon-14 20.0 20000.0 pCi/L MCL
Cesium-137 20.0 2000.0 pCi/L MCL
Chlordane 1.0 1.0 PPB CFWTL®
Chloride 500.0 2500000.0 PPB MCL
Chlorobenzene 5.0 20.0 PPB PQL
Chlorobenzene (by ABN) 10.0 20.0 PPB PQL
Chlorobenzilate 300.0 300.0 PPB PQL
Chloroethane 10.0 50.0 PPB PQL
Chloroform 5.0 1000.0 PPB MCL
- ~Chromium{VI) —50.0 110.0 PPB CFWTL

Chromium, filtered 10.0 110.0 PPB CFWTL?
Chrysene 10.0 100.0 PPB PQL
Cobalt-60 22.5 1000.0 pCi/L MCL
Copper, filtered 10.0 120.0 PPB CFWTL
Cresols 10.0 100.0 PPB PQL
-Eyanide 10.0 52.0 PPB CFWTL
DOD Nl 1.0 PPB PQL
DOE .1 0.5 -- PPE - PQL
oot .1 1 PPB CFWTL
Delta-BHC .1 1.0 PPB ~PQL
Di-n-propylinitrosamine 10.0 100.0 PPB PQL
Dibenz[a,h]anthracene 10.0 100.0 PPB PQL

. Dibenzofuran - 10.0 100.0 PPB PQL
Dibromochloromethane 5.0 10.0 PPB PQL
Dichlorodifluoromethane 10.0 50.0 PPB PQL
Dieldrin ' .1 1 PPB CFWTL®
Ditlate 10.0 100.0 PPB PQL
Dimethoate 2.0 100.0 PPB PQL
Dinitrobenzene 10.0 100.0 PP8 PQL
.Dinoseb N - 10.0 10.0 PPB PQL
Dioxane 500.0 1500.0 PPB PQL
Dioxin .1 1 PPB CFWTL*
Diphenylamine 10.0 100.0 PPB PQL
Disulfoton 2.0 20.0 PPB PQL
Endosulfan I .1 .6 PPB CFWTL
Endrin .1 .1 PPB CFWTL®
Ethyl benzene 5.0 20.0 PPB PQL
Ethyl methacrylate 10.0 50.0 PPB . PQL



Table E-1.

Constituent

Ethyl methanesulfonate
Fluoranthene

Flirorene e
Fluoride

Gross alpha

Gross beta
MCLHeptachlor
Heptchlor epoxide
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Hexachlorophene
Hexachloropropene
Hydrogen su1f1de

-~ Indeno(1,2,,3~cd)pyrene

Todine-129

FRVIVE R 1= L.

Iodine-131
Iodomethane

Iron, filtered
Isobutyl Alcahol
Isodrin

Isophorone
Isosafrole

Kapone

Lead, filtered
Ltndane, gamma-BHC
Manganese, filtered
Mercury, filtered

~Methacrylonitrile

Methapyrilene
Methoxychlor
Methyl bromide
Methyl chloride

. Methy1 < uhf] ‘keuunc

Methyl isobutyl ketone

- Methyl methacrylate
nathacrylate

Methy] methanesulfonate
Methyl parathion
N-Nitrosodiphenylamine
N-nitrosodi-n-butylamine
N-nitrosodiethylamine
N-nitrosodimethylamine
N-nitrosomethylethylamine

WHC-SD-EN-SAD-005, REV. 2

Units

PPB
PPB
PPB.
PPB
pCi/L
pCi/L
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB

nl4 /1
Wui/L

pCi/L
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB

nnn

rFro

PPB
PPB
PPB
PPB

ppop
[kl v

PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB

Purgewater Collection Criteria.
_(sheet 4 of 6)
Detn. Collectien
Limit Criteria
10.0 100.0
10.0 100.0
0.0 - 100.0 -
500.0 20000.0
4.0 150.0
8.0 500.0
.1 1
.1 10.0
10.0 10.0
10.0 93.0
10.0 52.0
10.0 5400.0
10.0 100.0
10.0 100.0
10.0 20.0
10.0 100.0
1.0 10.0
20.0 30.0
10.0 50.0
30.0 3000.0
10000.0 10000.0
10.0 100.0
10.0 100.0
10.0 100.0
1.0 100.0
5.0 32.0
1 .8
5.0 500.0
.1 .1
10.0 - 50.0
10.0 100.0
3.0 3.0
10.0 100.0
10.0 10.0
10,0 - - 100.0 -
10.0 50.0
10.0 20,0
10.0 100.0
2.0 5.0
10.0 100.0
10.0 100.0
10.0 100.0
10.0 100.0
10.0 160.0

Basis

PqL
PQL
MCL
MCL

CFWTL*
PQL
pQL*
CFWTL
CFWTL
CFWTL
PQL
PQL
CFWTL
PQL
MCL
MCL
POL
MCL
pQL*
PQL
PQL
PQL
PQL
CFWTL
CFWTL
MCL
CFWTL
PQL
PQL
CFWTL*
PQL
PQL

nnl
ryL

PQL
PQL
PQL
PQL
PQL
PaL
PQL
PQL
PQL
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Table E-1. Purgewater Collection Criteria.
(sheet 5 of 6)

Detn. Collection )

Constituent Limit Criteria  Units Basis'
N-nitrosomorpholine 10.0 100.0 PPB PQL
N-nitrosopiperidine 10.0 100.0 PPB PQL
Naphthalene 10.0 6200.0 PPB CFWTL
Nickel, filtered 10.0 1600.0 PPB CFWTL
Nickel-63 10.0 500.0 pCi/L MCL
Nitrate 500.0 450000.0 PPB MCL
Nitrobenzine 10.0 100.0 PPB PQL
Nitrosopyrrolidine 10.0 100.0 PPB PQL
0,0,0-triethyl phosphorothioate 10.0 100.0 PPB PQL
0-toluidine hydrochloride 10.0 100.0 PPB PQL
P-chloro-m-cresol 10.0 50.0 PPB PQL
P-chloroaniline 10.0 200.0 " PPB PQL
P-dimethylaminoazobenzene 10.0 100.0 PPB PQL
P-nitroaniline 10.0 500.0 PPB PQL
Parathion 2.0 2.0 PPB CFWTL®
Pcdd's .0 .1 PPB PQL
Pcdf's .0 .1 PPB PQL
Pentachlorobenzene 10.0 100.0 PPB PQL
Pentachloroethane 10.0 11000.0 PPB CFWTL
Pentachloronitrobenzene 10.0 100.0 PPB PQL
Pentachlorophenol 50.0 130.0 - PpPB CFWTL
Phenacatin 10.0 100.0 PPB PQL
Phenanthrene 10.0 100.0 PPB PQL
Phenol 10.0 25600.0 PPB CFWTL
Phenylenediamine 10.0 100.0 PPB PQL

- Phoraie S S 2077 T 20.0 PPB PQL
Phthalic acid esters 10.0 30.0 PPB CFWTL
Plutonium-238 . S g 16,0 pCi/L O
Plutonium-239,40 .1 12.0 pCi/L DCG
Pronamide 10.0 100.0 - PPB PQL
Propionitrile 5.0 50.0 PPB PQL
Pyrene 10.0 100.0 PPB PQL

~-Pyridine 500.0 500.0 PPB POL
Radium 1.0 50.0 pCi/L MCL

-~ Ruthenium-103 20.0 2000.0 PPB MCL

~ Ruthenium-106 B . 172.8 300.0 pCi/L MCL
Safrol 10.0 100.0 PPB PQL
Selenium 5.0 100.0 ~ PPB MCL
Silver, filtered 10.0 10.0 PPB CFWTL
Strontium-89 5.0 200.0 pCi/L MCL
Strontium-90 5.0 80.0 pCi/L MCL
Styrene 5.0 10.0 PPB PQL
Sulfate ‘ 500.0 2500000.0 PPB MCL
Sym-trinitrobenzene 10.0 100.0 PPB PQL
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Table E-1. Purgewater Collection Criteria.
(sheet 6 of &)

Detn. Collection
Constituent _Limit  _ _Criteria - Units - Basis'
Technetium-99 15.0 9000.0 pCi/L MCL
Tetrachloroethylene 5.0 8400.0 PPB CFWTL
- Tetraethylpyrophosphate 2.0 100.0 PPB PQL
Thailium 5.0 400.0 PPB CFWTL
Tin, filtered 30.0 80000.0 PPB PQL
**** - Toluene S 5.0 20.0 ~PPB PQL
__ Toxaphene _ o 1.0 1.0 PPB CFWTL
____Trans-1,2-dichloroethylene 5.0 10.0 PPB PQL
Trichloroethylene 5.0 50.0 PPB MCL
Trichloromonofluoromethane 10.0 50.0 PPB
PQLUranium .5 400.0 pCi/L DCG
Uranium, chemical .7 590.0 UG/L DCG
Vanadium, filtered —  __ _ 5.0 . __ 400.0._. PPB POL
Vinyl Acetate 5.0 50.0 PPB PQL
Vinyl chloride 10.0 20.0 PPB MCL
Xylene-m 5.0 50.0 PPB POL
Xylene-a,o 5.0 50.0 PPB PQL
Zinc, . filtered 5.0 - 1100.90-- . PPB.—... CRWTL
m-Nitroaniline 10.0 500.0 PPB PQL
o-Nitroaniline 10.0 500.0 PPB PQL
p-Dichlorobenzene 10.0 500.0 PP8 PQL
p-Nitrophenaol 10.0 1500.0 PPB CFWTL

"The bases for collection of criteria are as follows:

MCL - . . 10% the Maximum Contaminant Level as defined in
40 CFR 141, 40 CFR 143, and EPA 570/9-76-003
PQL - 10% the Practical Quantitation Limit as listed in

Appendix IX of 40 CFR 264

10% the Chronic Freshwater Toxicity Level as defined

in EPA 440/5-86-001

pce - 10% one-twenty-fifth of the Derived Concentration
Guide as listed in DOE Order 5400.5

CFWTL

*Based on 10% MCL for 1,1,1-trichloromethane.

--*Criteria-are-below ctirrent-detection 1imit  so- detection timit is used as
criterion.

>AT1 chromium is assumed to be hexavalent.

I":'I
| .
[$))
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